Digitized  by  the  Internet  Archive 

in  2010  with  funding  from 

University  of  Toronto 


http://www.archive.org/details/proceedings191301inst 


A 


Jr^^iT^a/i 


PRESIDENT. 


the)institution 

"I 


OF 


MECHANICAL    ENGINEERS. 


ESTABLISHED    1847. 


PROCEEDINGS. 


1913. 

Parts    1-2. 


PUBLISHED   BY   THE   INSTITUTION, 
Stoeey's  Gate,  St.  James's  Park,  London,  S.W. 


The  right  of  Publication  and  of  Translation  is  reserved. 


TJ 
I 

I  ^ 


Ul 


CONTENTS. 


1913. 
Parts  1-2. 


PAGE 

Portrait  of  Sir  H.  Frederick  Donaldson,  K.G.B.,  President. 

List  of  Past-Presidents          .........  iv 

List  of  Ofi&cers     ...........  v 

Articles  and  By-laws    ..........  vii 

Proceedings,  January  Meeting. — 

Nomination  of  Candidates  for  Council    ......  1 

Election  of  Members,  and  Transferences          .....  3 

"  Indicators  "  ;  by  J.  G.  Stewart 7 

Graduates'   Lecture  :    **  Polarized  Light  and   Stress  Distribution  "  ; 

by  E.  G.  Coker  (Plates  1-4) 83 

Proceedings,  66th  Annual  General  Meeting,  14th  February. — 

Transferences         ..........  103 

Annual  Report  of  Council       ........  105 

Rules  and  Syllabus  for   Graduateship  and  Associate  Membership 

Examinations          .........  147 

Alteration  of  By-laws     .         .         .         .         .         .         .         .         .  165 

Election  of  Officers 171 

Appointment  of  Auditor          ........  177 

•'  Modern  Condensing  Systems  "  ;  by  A.  E.  L.  Scanes  (Plate  5)          .  179 

"  Flow  of  Steam  through  Nozzles  "  ;  by  J.  B.  Henderson  (Plate  6)           .  253 

Memoirs 323 

Proceedings,  March  Meeting. — 

Deceases  of  Sir  W.  Arrol  and  Sir  W.  H.  White,  K.G.B.      .         .  337 

Council  Appointment     .........  338 

Election  of  Members,  and  Transferences          .....  339 

Proceedings,  3rd  April. — Business 343 

"Locomotive  Superheating  and  Feed- Water  Heating";   by  F.  H. 

Trevithick  and  P.  J.  Cowan  (Plates  7-9) 345 

Proceedings,  18th  April. — Election  of  Members,  and  Transferences    .  483 

Anniversary  Dinner       .........  487 

Address  by  the  President,  Sir  H.  Frederick  Donaldson,  K.C.B.         .  493 

"  Volute  Chambers  and  Guide-Passages  "  ;  by  A.  H.  Gibson  .         .         .  519 

'•  Governor  for  Water-Turbines  "  ;  byP.H.  Pitman       ....  565 

'*  Electrical  Measuring  Machine  "  ;  by  P.  E.  Shaw  (Plate  10)          .         .  579 

Memoirs      ............  631 

Index  to  Proceedings  1913,  Parts  1-2 641 

Plates  1-10. 


IV 


%\t  liistttiitioit  0f  Pecljaiiical  dtiiginters. 


PAST-PRESIDENTS. 

George  Stephenson,  1847-48.    {Deceased  1848.) 

Robert  Stephenson,  F.R.S.,  1849-53.     {Deceased  1859.) 

Sir  William  Fairbairn,  Bart.,  LL.D.,  F.R.S.,  1854-55.     {Deceased  1874.) 

Sir  Joseph  Whitworth,  Bart.,  D.C.L.,  LL.D.,  F.R.S.,  1856-57,  1866. 

{Deceased  1887.) 
John  Penn,  F.R.S.,  1858-59,  1867-68.     {Deceased  1878.) 

James  Kennedy,  1860.    {Deceased  1886.) 

The  Right  Hon.  Lord  Armstrong,  C.B.,  D.C.L.,  LL.D.,  F.R.S.,  1861-62, 1869. 

{Deceased  1900.) 
Robert  Napier,  1863-65.     {Deceased  1876.) 

John  Ramsbottom,  1870-71.     {Deceased  1897.) 

Sir  William  Siemens,  D.C.L.,  LL.D.,  F.R.S.,  1872-73.     {Deceased  1883.) 

Sir  Frederick  J.  Bramwell,  Bart.,  D.G.L.,  LL.D.,  F.R.S.,  1874-75. 

{Deceased  1903.) 
Thomas  Hawksley,  F.R.S.,  1876-77.    {Deceased  1893.) 
John  Robinson,  1878-79.    {Deceased  1902.) 
Edward  A.  Cowper,  1880-81.    {Deceased  1893.) 
Percy  G.  B.  Westmacott,  1882-83. 

Sir  Lowthian  Bell,  Bart.,  LL.D.,  F.R.S.,  1884.     {Deceased  1904.) 
Jeremiah  Head,  1885-86.     {Deceased  1899.) 
Sir  Edward  H.  Garbutt,  Bart.,  1887-88.    {Deceased  1905.) 
Charles  Cochrane,  1889.     {Deceased  1898.) 
Joseph  Tomlinson,  1890-91.    {Deceased  1894.) 

Sir  William  Anderson,  K.C.B.,  D.C.L.,  F.R.S.,  1892-93.    {Deceased  1898.) 
Sir  Alexander  B.  W.  Kennedy,  LL.D.,  F.R.S.,  1894-95. 
E.  Windsor  Richards,  1896-97. 
Samuel  Waite  Johnson,  1898.     {Deceased  1912.) 

Sir  William  H.  White,  K.C.B.,  LL.D.,  D.Sc,  F.R.S.,  1899-1900. 

{Deceased  1913.) 

William  H.  Maw,  LL.D.,  1901-02. 

J.  Hartley  Wicksteed,  1903-04. 

Edward  P.  Martin,  1905-06.    {Deceased  1910.) 

T.  Hurry  Riches,  1907-08.     {Deceased  1911.) 

John  A.  F.  Abpinall,  1909-10. 

Edward  B.  Ellington,  1911-12. 


i 


%\t  Institution  0f  Petljanital  ^nginurs. 


OFFICERS. 


1913. 


PRESIDENT. 

Sir  H.  Frederick  Donaldson,  K.C.B.,   Woolwich. 

PAST-PRESIDENTS. 

John  A.  F.  Aspinall,    Manchester. 

Edward  B.  Ellington,    London. 

Sir  Alexander  B.  W.  Kennedy,  LL.D.,  F.B-.S., London. 

William  H.  Maw,  LL.D.,    London. 

E.  Windsor  Richards,     Caerleon. 

Percy  G.  B.  Westmacott,   Ascot. 

J.  Hartley  Wicksteed,   Leeds. 

VICE-PRESIDENTS. 

Sir  J.  Wolfe  Barry,  K.C.B.,  LL.D.,  F.R.S. London. 

Henry  Davey,     Ewell. 

Michael  Longridge,   Manchester. 

The  Right  Hon.  Lord  Merthyr,  G.G.V.O., Aberdare. 

A.  T.  Tannett- Walker,    Leeds. 

Professor  W.  Cawthorne  Unwin,  LL.D.,  F.R.S., London. 

MEMBERS  OF  COUNCIL. 

William  H.  Allen,    Bedford. 

Archibald  Barr,  D.Sc Glasgow. 

George  J.  Churchward,      Swindon. 

DuGALD  Clerk,  D.Sc,  F.R.S.,    London. 

Sir  Robert  A.  Hadfield,  D.Sc,  D.Met.,  F.R.S., Sheffield. 

H.  S.  Hele-Shaw,  LL.D.,  D.Sc,  F.R.S.,     London. 

Alfred  Herbert, Coventry. 

Edward  Hopkinson,  D.Sc,     Manchester. 

J.  RossiTER  HoYLE,    Sheffield. 

George  Hughes,    Horwich. 

Henry  A.  Ivatt,     Hayward's  Heath. 

Robert  Matthews,   Manchester. 

Donald  B.  Morison, Hartlepool. 

Sir  Gerard  A.  Muntz,  Bart.,    Birmingham. 

Eng.  Vice-Admiral  Sir  Henry  J.  Oram,  K.C.B.,  F.R.S., . .  London. 

William  H.  Patchell,     London. 

The  Right  Hon.  Lord  Pirrie,  K.P.,  P.O.,  LL.D., Belfast. 

Walter  Pitt, Bath. 

Mark  H.  Robinson,  London. 

Captain  H.  Riall  Sankey,  R.E.,  ret., London. 

Wilson  Worsdell,    Ascot. 

HON.  TREASURER.  AUDITOR. 

Arthur  Huson,  F.Inst.B.  Robert  A.  McLean,  F.C.A. 

SECRETARY. 

Edgar  Worthington, 

The  Institution  of  Mechanical  Engineers^ 

Storey's  Gate,  St.  James's  Park,  London,  S.W. 

Telegraphic  Address : — Mech^  Pari,  London.    Telephone : — Victoria,  4564. 


1913.  Vll 


THE  INSTITUTION  OF  MECHANICAL  ENGINEERS. 


August  1878. 

1st.  The   name   of    the   Association    is   "  The    Institution    of 
Meohanioal  Enginekbs." 

2nd.  The  Registered  Office  of  the  Association  will  be  situate  in 
England. 

3rd.  The  objects  for  which  the  Association  is  established  are  :  — 

(a.)  To  promote  the  science  and  practice  of  Mechanical 
Engineering  and  all  branches  of  mechanical  construction, 
and  to  give  an  impulse  to  inventions  likely  to  be  useful  to  the 
Members  of  the  Institution  and  to  the  community  at  large. 

(b.)  To  enable  Mechanical  Engineers  to  meet  and 
to  correspond,  and  to  facilitate  the  interchange  of  ideas 
respecting  improvements  in  the  various  branches  of 
mechanical  science,  and  the  publication  and  communication 
of  information  on  such  subjects. 

(o.)  To  acquire  and  dispose  of  property  for  the  purposes 
aforesaid. 

(d.)  To  do  all  other  things  incidental  or  conducive  to 
the  attainment  of  the  above  objects  or  any  of  them. 
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4th.  The  income  and  property  of  the  Association,  from  whatever 
source  derived,  shall  be  applied  solely  towards  the  promotion  of 
the  objects  of  the  Association  as  set  forth  in  this  Memorandum  of 
Association,  and  no  portion  thereof  shall  be  paid  or  transferred 
directly  or  indirectly,  by  way  of  dividend,  bonus,  or  otherwise 
howsoever,  by  way  of  profit  to  the  persons  who  at  any  time  are 
or  have  been  Members  of  the  Association,  or  to  any  of  them,  or 
to  any  person  claiming  through  any  of  them  :  Provided  that 
nothing  herein  contained  shall  prevent  the  payment  in  good  faith 
of  remuneration  to  any  officers  or  servants  of  the  Association,  or 
to  any  Member  of  the  Association,  or  other  person,  in  return  for 
any  services  rendered  to  the  Association,  or  prevent  the  giving  of 
privileges  to  the  Members  of  the  Association  in  attending  the 
meetings  of  the  Association,  or  prevent  the  borrowing  of  money 
(under  such  powers  as  the  Association  and  the  Council  thereof  may 
possess)  from  any  Member  of  the  Association,  at  a  rate  of  interest 
not  greater  than  five  per  cent,  per  annum. 

5th.  The  fourth  paragraph  of  this  Memorandum  is  a  condition 
on  which  a  licence  is  granted  by  the  Board  of  Trade  to  the 
Association  in  pursuance  of  Section  23  of  the  Companies  Act  1867. 
For  the  purpose  of  preventing  any  evasion  of  the  terms  of  the 
said  fourth  paragraph,  the  Board  of  Trade  may  from  time  to  time, 
on  the  application  of  any  Member  of  the  Association,  impose  further 
conditions,  which  shall  be  duly  observed  by  the  Association. 

6th.  If  the  Association  act  in  contravention  of  the  fourth 
paragraph  of  this  Memorandum,  or  of  any  such  further  conditions, 
the  liability  of  every  Member  of  the  Council  shall  be  unlimited  ; 
and  the  liability  of  every  Member  of  the  Association  who  has  received 
any  such  dividend,  bonus,  or  other  profit  as  aforesaid,  shall  likewise 
be  unlimited. 

7th.  Every  Member  of  the  Association  undertakes  to  contribute 
to  the  Assets  of  the  Association  in  the  event  of  the  same  being 
wound  up  during  the   time   that   he  ia    a    Member,   or    within   one 
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year  afterwards,  for  payment  of  the  debts  and  liabilities  of  the 
Association  contracted  before  the  time  at  which  he  ceases  to  be 
a  Member,  and  of  the  costs,  charges,  and  expenses  for  winding  up 
the  same,  and  for  the  adjustment  of  the  rights  of  the  contributories 
amongst  themselves,  such  amount  as  may  be  required  not  exceeding 
Five  Shillings,  or  in  case  of  his  liability  becoming  unlimited  such 
other  amount  as  may  be  required  in  pursuance  of  the  last  preceding 
paragraph  of  this  Memorandum. 

8th.  If  upon  the  winding  up  or  dissolution  of  the  Association 
there  remains,  after  the  satisfaction  of  all  its  debts  and  liabilities, 
any  property  whatsoever,  the  same  shall  not  be  paid  to  or  distributed 
among  the  Members  of  the  Association,  but  shall  be  given  or 
transferred  to  some  other  Institution  or  Institutions  having  objects 
similar  to  the  objects  of  the  Association,  to  be  determined  by  the 
Members  of  the  Association  at  or  before  the  time  of  dissolution ;  or 
in  default  thereof,  by  such  Judge  of  the  High  Court  of  Justice  as  may 
have  or  acquire  jurisdiction  in  the  matter. 


1913. 


February  1893. 
{Article  23  revised  March  1902.) 


INTRODUCTION. 

Whereas  an  Association  called  "  The  Institution  of  Mechanical 
Engineers"  existed  from  1847  to  1878  for  objects  similar  to  the 
objects  expressed  in  the  Memorandum  of  Association  of  the 
Association  (hereinafter  called  "  the  Institution ")  to  which  these 
Articles  apply ; 

And  whereas  the  Institution  was  formed  in  1878  for  furthering 
and  extending  the  objects  of  the  former  Institution,  by  a  registered 
Association,  under  the  Companies  Acts  1862  and  1867 ; 

And  whereas  terms  used  in  these  Articles  are  intended  to  have 
the  same  respective  meanings  as  they  have  when  used  in  those  Acts, 
and  words  implying  the  singular  number  are  intended  to  include 
the  plural  number,  and  vice  versa ; 

Now  THKUEFORE  IT  IS  HEREBY  AGREED  aS  foUoWS  : 

CONSTITUTION. 

1.  For  the  purpose  of  registration  the  number  of  Members  of 
the  Institution  is  unlimited. 


MEMBERS,    ASSOCIATE     MEMBERS,     GRADUATES, 
ASSOCIATES,  AND  HONORARY  LIFE  MEMBERS. 

2.  The  present  Members  of  the  Institution,  and  such  other  persons 
as  shall  be  admitted  in  accordance  with  those  Articles,  and  none 
others,  sliall  be  Members  of  the  Institution,  and  be  entered  on  the 
register  as  such. 
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3.  Any  person  may  become  a  Member  of  the  Institution  who 
shall  be  qualified  and  elected  as  hereinafter  mentioned,  and  shall 
agree  to  become  such  Member,  and  shall  pay  the  entrance  fee  and 
first  subscription  accordingly. 

4.  The  qualification  of  Members  shall  be  prescribed  by  the 
By-laws  from  time  to  time  in  force,  as  provided  by  the  Articles. 

5.  The  election  of  Members  shall  be  conducted  as  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 

6.  In  addition  to  the  persons  already  admitted  as  Graduates, 
Associates,  and  Honorary  Life  Members  respectively,  the  Institution 
may  admit  such  persons  as  may  be  qualified  and  elected  in  that 
behalf  as  Associate  Members,  Graduates,  Associates,  and  Honorary 
Life  Members  respectively  of  the  Institution,  and  may  confer  upon 
them  such  privileges  as  shall  be  prescribed  by  the  By-laws  from 
time  to  time  in  force,  as  provided  by  the  Articles :  provided  that  no 
Associate  Member,  Graduate,  Associate,  or  Honorary  Life  Member 
shall  be  deemed  to  be  a  Member  within  the  meaning  of  the  Articles. 

7.  The  qualification  and  mode  of  election  of  Associate  Members, 
Graduates,  Associates,  and  Honorary  Life  Members  shall  be  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 

8.  The  rights  and  privileges  of  every  Member,  Associate  Member, 
Graduate,  Associate,  or  Honorary  Life  Member  shall  be  personal  to 
himself,  and  shall  not  be  transferable  or  transmissible  by  his  own  act 
or  by  operation  of  law. 

ENTRANCE  ia.ES  AND  SUBSCRIPTIONS. 

9.  The  Entrance  Fees  and  Subscriptions  of  Members,  Associate 
Members,  Graduates,  and  Associates  sball  be  prescribed  by  the 
By-laws  from  time  to  time  in  force,  as  provided  by  the  Articles. 
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EXPULSION. 

10.  If  any  Member,  Associate  Member,  Graduate,  or  Associate 
shall  leave  his  subscription  in  arrear  for  two  years,  and  shall  fail  to 
pay  such  arrears  within  three  months  after  a  written  application  has 
been  sent  to  him  by  the  Secretary,  his  name  may  be  struck  off 
the  register  by  the  Council  at  any  time  afterwards,  and  he  shall 
thereupon  cease  to  have  any  rights  as  a  Member,  Associate  Member, 
Graduate,  or  Associate,  but  he  shall  nevertheless  continue  liable  to 
pay  the  arrears  of  subscription  due  at  the  time  of  his  name  being 
so  struck  off:  provided  always  that  this  regulation  shall  not  be 
construed  to  compel  the  Council  to  remove  any  name,  if  they  shall  be 
satisfied  the  same  ought  to  be  retained. 

11.  The  Council  may  refuse  to  continue  to  receive  the 
subscriptions  of  any  person  who  shall  have  wilfully  acted  in 
contravention  of  the  regulations  of  the  Institution,  or  who  shall 
in  the  opinion  of  the  Council  have  been  guilty  of  such  conduct 
as  shall  have  rendered  him  unfit  to  continue  to  belong  to  the 
Institution ;  and  may  remove  his  name  from  the  register,  and  he 
shall  thereupon  cease  to  be  a  Member,  Associate  Member,  Graduate, 
or  Associate  (as  the  case  may  be)  of  the  Institution. 


GENERAL  MEETINGS. 

12.  The  General  Meetings  shall  consist  of  the  Ordinary  Meetings, 
the  Annual  (jeneral  Meeting,  and  of  Special  Meetings  as  hereinafter 
defined. 

13.  The  Annual  General  Meeting  shall  take  place  in  London  in  one 
of  the  first  four  months  of  every  year.  Tlio  Ordinary  Meetings  shall 
take  place  at  such  times  and  places  as  the  Council  shall  determine. 

14.  A  Spofial  Meeting  may  bo  convened  at  any  time  by  the 
C(juncil,  and  shall  bo  convened  ])y  tliera  whenever  a  re(iui8ition 
signed  by  twenty  Members  or  Associate  Members  of  the  Institution, 
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specifying  the  object  of  the  Meeting,  is  left  with  the  Secretary.  If 
for  fourteen  days  after  the  delivery  of  such  requisition  a  Meeting  be 
not  convened  in  accordance  therewith,  the  Requisitionists  or  any 
twenty  Members  or  Associate  Members  of  the  Institution  may  convene 
a  Special  Meeting  in  accordance  with  the  requisition.  All  Special 
Meetings  shall  be  held  in  London. 

15.  Seven  clear  days'  notice  of  every  Meeting,  specifying  generally 
the  nature  of  any  special  business  to  be  transacted  at  any  Meeting, 
shall  be  given  to  every  person  on  the  register  of  the  Institution,  except 
as  provided  by  Article  35,  and  no  other  special  business  shall  be 
transacted  at  such  Meeting ;  but  the  non-receipt  of  such  notice  shall 
not  invalidate  the  proceedings  of  such  Meeting.  No  notice  of  the 
business  to  be  transacted  (other  than  such  ballot  lists  as  may  be 
requisite  in  case  of  elections)  shall  be  required  in  the  absence  of 
special  business. 

16.  Special  business  shall  include  all  business  for  transaction  at 
a  Special  Meeting,  and  all  business  for  transaction  at  every  other 
Meeting,  with  the  exception  of  the  reading  and  confirmation  of  the 
Minutes  of  the  previous  Meeting,  the  election  of  Members,  Associate 
Members,  Graduates,  and  Associates,  and  the  reading  and  discussion 
of  communications  as  prescribed  by  the  By-laws,  or  by  any  regulations 
of  the  Council  made  in  accordance  with  the  By-laws. 

PROCEEDINGS  AT  GENERAL  MEETINGS. 

17.  Twenty  Members  or  Associate  Members  shall  constitute  a 
quorum  for  the  purpose  of  a  Meeting  other  than  a  Special  Meeting. 
Thirty  Members  or  Associate  Members  shall  constitute  a  quorum  for 
the  purpose  of  a  Special  Meeting. 

18.  If  within  thirty  minutes  after  the  time  fixed  for  holding  the 
Meeting  a  quorum  is  not  present,  the  Meeting  shall  be  dissolved,  and 
all  matters  which  might,  if  a  quorum  had  been  present,  have  been 
done  at  a  Meeting  (other  than  a  Special  Meeting)  so  dissolved,  may 
forthwith  be  done  on  behalf  of  the  Meeting  by  the  Council. 
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19.  Tlie  President  shall  be  Chairman  at  every  Meeting,  and  in 
his  absence  one  of  the  Vice-Presidents;  and  in  the  absence  of  all 
Vice-Presidents  a  Member  of  Council  shall  take  the  chair ;  and  if 
no  Member  of  Council  be  present  and  willing  to  take  the  chair,  the 
Meeting  shall  elect  a  Chairman. 

20.  The  decision  of  a  General  Meeting  shall  be  ascertained  by 
show  of  hands,  unless,  after  the  show  of  hands,  a  poll  is  forthwith 
demanded  ;  and  by  a  poll,  when  a  poll  is  thus  demanded.  The 
manner  of  taking  a  show  of  hands  or  a  poll  shall  be  in  the 
discretion  of  the  Chairman ;  and  an  entry  in  the  Minutes,  signed 
by  the  Chairman,  shall  be  sufficient  evidence  of  the  decision  of 
the  General  Meeting.  Each  Member  and  Associate  Member  shall 
have  one  vote  and  no  more.  In  case  of  equality  of  votes  the 
Chairman  shall  have  a  second  or  casting  vote :  provided  that  this 
Article  shall  not  interfere  with  the  provisions  of  the  By-laws  as  to 
election  by  ballot. 

21.  The  acceptance  or  rejection  of  votes  by  the  Chairman  shall 
be  conclusive  for  the  purpose  of  the  decision  of  the  matter  in  respect 
of  which  the  votes  are  tendered :  provided  that  the  Chairman  may 
review  his  decision  at  the  same  Meeting,  if  any  error  be  then  pointed 
out  to  him. 


BY-LAWS. 

22.  The  By-laws  set  forth  in  the  schedule  to  these  Articles,  and 
such  altered  and  additional  By-laws  as  shall  be  substituted  or  added 
as  hereinafter  mentioned,  sliall  regulate  all  matters  by  the  Articles 
left  to  be  prescri))ed  by  the  By-laws,  and  all  matters  which 
consistently  with  the  Articles  shall  bo  made  the  subject  of  By-laws. 
Alterations  in,  and  additions  to,  the  By-laws,  may  be  made  only  by 
resolution  of  the  Members  and  Associate  Members  at  an  Annual 
Gr«neral  Meeting,  after  notice  of  tlio  proposed  alteration  or  addition 
lias  been  announced  at  the  previous  Ordinary  Meeting,  and  not 
otherwise. 


1913.  ARTICLES    OF    ASSOCIATION.  XY 


COUNCIL. 

23.  The  Council  of  tho  Institution  shall  be  chosen  from  the 
Members  only,  and  shall  consist  of  one  President,  six  Vice- 
Presidents,  twenty-one  ordinary  Members  of  Council,  and  of  the  Past- 
Presidents.  The  President,  two  Vice-Presidents,  and  seven  Members 
of  Council  (other  than  Past-Presidents),  shall  retire  at  each  Annual 
General  Meeting,  but  shall  be  eligible  for  re-election.  The  Vice- 
Presidents  and  Members  of  Council  to  retire  each  year  shall, 
unless  the  Council  agree  otherwise  among  themselves,  be  chosen 
from  those  who  have  been  longest  in  office,  and  in  cases  of  equal 
seniority  shall  be  determined  by  ballot. 

24.  The  election  of  a  President,  Vice-Presidents,  and  Members 
of  Council,  to  supply  the  place  of  those  retiring  at  the  Annual 
General  Meeting,  shall  be  conducted  in  such  manner  as  shall  be 
prescribed  by  the  By-laws  from  time  to  time  in  force,  as  provided 
by  the  Articles. 

25.  The  Council  may  supply  any  casual  vacancy  in  the  Council 
(including  any  casual  vacancy  in  the  office  of  President)  which  shall 
occur  between  one  Annual  General  Meeting  and  another ;  and  the 
President,  Vice-Presidents,  or  Members  of  Council  so  appointed  by 
the  Council  shall  retire  at  the  succeeding  Annual  General  Meeting. 
Vacancies  not  filled  up  at  any  such  Meeting  shall  be  deemed  to  be 
casual  vacancies  within  the  meaning  of  this  Article. 


OFFICERS. 

26.  The  Treasurer,  Secretary,  and  other  employes  of  the 
Institution  shall  be  appointed  and  removed  in  the  manner  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  tho 
Articles.  Subject  to  the  express  provisions  of  the  By-laws,  the 
officers  and  servants  of  the  Institution  shall  be  appointed  and 
removed  by  the  Council. 
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27.  The  powers  and  duties  of  the  officers  of  the  Institution  shall, 
subject  to  any  express  provision  in  the  By-laws,  be  determined  by 
the  Council. 


POWERS  AND  PROCEDURE  OF  COUNCIL. 

28.  The  Council  may  regulate  their  own  procedure,  and  delegate 
any  of  their  powers  and  discretions  to  any  one  or  more  of  their  body, 
and  may  determine  their  own  quorum :  if  no  other  number  is 
prescribed,  three  members  of  Council  shall  form  a  quorum. 

29.  The  Council  shall  manage  the  property,  proceedings,  and 
affairs  of  the  Institution,  in  accordance  with  the  By-laws  from  time 
to  time  in  force. 

30.  The  Treasurer  may,  with  the  consent  of  the  Council,  invest 
in  the  name  of  the  Institution  any  moneys  not  immediately  required 
for  the  purposes  of  the  Institution  in  or  upon  any  of  the  following 
investments  (that  is  to  say)  : — 

(a)  The  Public  Funds,  or  Government  Stocks  of  the  United 
Kingdom,  or  of  any  Foreign  or  Colonial  Government 
guaranteed  by  the  Government  of  the  United  Kingdom. 

(u)  Real  or  Leasehold  Securities,  or  in  the  purchase  of  real 
or  leasehold  properties  in  Great  Britain  or  Ireland. 

(o)  Debentures,  Debenture  Stock,  or  Guaranteed  or  Preference 
Stock,  of  any  Company  incorporated  by  special  Act  of 
Parliament,  the  ordinary  Shareholders  whereof  shall  at 
the  time  of  such  investment  be  in  actual  receipt  of  half- 
yearly  or  yearly  dividends. 

(d)  Stocks,  Shares,  Debentures,  or  Debenture  Stock  of  any 
Railway,  Canal,  or  other  Company,  the  undertaking 
wheioof  is  leased  to  any  Railway  Comj[>any  at  a  fixed 
or  fixed  iniuimum  rent. 
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(e)  Stocks,  Shares,  or  Debentures  of  any  East  Indian  Railway 

or  other  Company,  which  shall  receive  a  contribution 
from  His  Majesty's  East  Indian  Government  of  a  fixed 
annual  percentage  on  their  capital,  or  be  guaranteed  a 
fixed  annual  dividend  by  the  same  Government. 

(f)  The   security   of    rates    levied    by   any   corporate   body 

empowered  to  borrow  money  on  the  security  of  rates, 
where  such  borrowing  has  been  duly  authorised  by 
Act  of  Parliament. 

31.  The  Council  may,  with  the  authority  of  a  resolution  of  the 
Members  and  Associate  Members  in  General  Meeting,  borrow  moneys 
for  the  purposes  of  the  Institution  on  the  security  of  the  property  of 
the  Institution,  or  otherwise  at  their  discretion. 

32.  No  act  done  by  the  Council,  whether  ultra  vires  or  not, 
which  shall  receive  the  express  or  imi)lied  sanction  of  the  Members 
and  Associate  Members  in  General  Meeting,  shall  be  afterwards 
impeached  by  any  member  of  the  Institution  on  any  ground 
whatsoever,  but  shall  be  deemed  to  be  an  act  of  the  Institution. 


NOTICES. 

33.  A  notice  may  be  served  by  the  Council  upon  any  Member, 
Associate  Member,  Graduate,  Associate,  or  Honorary  Life  Member, 
either  personally  or  by  sending  it  through  the  post  in  a  prepaid  letter 
addressed  to  him  at  his  registered  place  of  abode. 

34.  Any  notice,  if  served  by  post,  shall  be  deemed  to  have  been 
served  at  the  time  when  the  letter  containing  the  same  would  be 
delivered  in  the  ordinary  course  of  the  post;  and  in  proving  such 
service  it  shall  be  sufiicient  to  prove  that  the  letter  containing  the 
notice  was  properly  addressed  and  put  into  the  post  office. 

B  2 
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35.  No  Member,  Associate  Member,  Graduate,  Associate,  or 
Honorary  Life  Member,  not  baving  a  registered  address  witbin  tbe 
United  Kingdom,  sball  be  entitled  to  any  notice ;  and  all  proceedings 
may  be  bad  and  taken  witbout  notice  to  sucb  member,  in  tbe  same 
manner  as  if  he  bad  bad  due  notice. 


i 
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(Last  Hevision,  February  1913.) 

MEMBERS. 

1.  No  Candidate  shall  be  elected  a  Member,  or  be  transferred 
into  the  class  of  Members,  unless  he  is  at  least  30  years  of  age,  and 
has  produced  evidence,  to  the  satisfaction  of  the  Council,  either — 

I.     That  he— 

(a)  Has  received  a  good  general  and  scientific  education  ; 

(b)  Has  been  regularly  trained  as  a  Mechanical  Engineer; 

and 

(c)  Has   been   engaged   for   a   sufficient   period   in  an 

important  position  of  independent  responsibility 
in  the  direction  of  engineering  work  : 

Or  XL     That  he— 

(d)  Has  received  a  thorough  scientific  education  ; 

(e)  Has     had     sufficient     practical    experience    as    a 

Mechanical  Engineer ;  and 

(f )  Has  for  a  sufficient  period  held  an  important  positioji 

of  independent  responsibility  in  connection  with 
engineering  work : 

Or  III.     That  he— 

(g)  Hiis  attained  to  a  position  of  such  eminence  in  the 

profession,  or  in  the  direction  of  engineering 
work,  as  to  qualify  him,  in  the  opinion  of  the 
Council,  for  the  distinction  of  Membership. 


XX  BY-LAWS.  1913. 

ASSOCIATE   MEMBERS. 

2.  No    Candidate  shall  be  elected  an  Associate  Member  unless 
lie  is  at  least  25  years  of  age,  and  unless  either — 

(A)  Being  nnder  30  years  of  age,  ho  has  passed  the  Associate 

Membershii^  Examination  prescribed  by  the  Council's 
Examination  Rules  for  the  time  being  or  such  other 
exempting  Examination  as  may  from  time  to  time  be 
approved  by  the  Council  under  such  Rules,  and  has  also 
produced  evidence  to  tlie  satisfaction  of  the  Council 
tliat  he  has  been  regularly  trained  as  a  Mechanical 
Engineer,  has  had  sufficient  practical  experience  in  the 
direction  or  design  of  engineering  work,  and  is  following 
the  profession  of  Engineering.  Provided  always  that 
any  Candidate  being  a  Graduate  of  the  Institution 
who  has  attained  25  years  of  age  by  the  first  day  of 
January  1013,  and  any  other  Candidate  who  has 
attained  27  years  of  age  by  the  first  day  of  January 
1913,  may  be  elected  as  an  Associate  Member  under 
the  next  following  paragraph  (B)  as  if  he  were  30 
years  of  age,  instead  of  under  this  paragraph  ;  on 

(B)  Being  30  years  of  age  or  upwards,  he  shall  have  produced 

evidence  to  the  satisfaction  of  the  Council  either — 
I.  That  he— 

(a)  Has  received  a  good  general  education ; 

(b)  Has  been  regularly  trained  as  a  Mechanical  Engineer; 

and 

(c)  Has   had  subsequent  employment  for  at  least  one 

year  in  a  responsible  position  in  the  direction  or 
design    of   engineering  work,  and  is  actually  so 
engaged     at     tlie     time     of     liis     i)ropoFal     for 
Election  : 
Or   TI.  Tliat  he— 

((})     Has  received  a  good  general  and  scientific  (ulucation ; 

(e)      Has     liad      sufficient     j)ractical     experience    as    a 
Mechanical  ICngincer;  and 
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(f  )  Has  had  subsequent  employment  for  at  least  one  year 
in  a  responsible  position  in  the  direction  or  design 
of  engineering  work,  and  is  actually  so  engaged 
at  the  time  of  his  proposal  for  Election. 


GRADUATES. 

3.  Graduates  shall  be  persons  not  under  18  years  of  age,  who 
have  passed  the  Graduatcship  Examination  prescribed  by  the 
Council's  Examination  Kules  for  the  time  being  or  such  other 
exempting  Examination  as  may  from  time  to  time  be  approved  by 
the  Council  under  such  Rules,  and  shall  satisfy  the  Council  that 
they  have  received,  or  are  receiving,  regular  training  as  Mechanical 
Engineers,  and  that  they  have  received,  or  intend  to  obtain,  sufficient 
practical  and  scientific  training  to  fit  them  for  employment  in 
responsible  positions  as  Mechanical  Engineers.  No  person  shall  be 
elected  a  Graduate  after  the  age  of  25  years. 

Graduates  may  not  continue  as  such  if  they  cease  to  follow  the 
profession  of  Engineering,  nor  in  any  case  beyond  the  age  of 
28  years. 

ASSOCIATES. 

4.  Associates  shall  be  persons  of  at  least  30  years  of  age,  who 
not  being  Mechanical  Engineers  by  profession,  yet  by  reason  of  their 
attainments  in  science,  or  in  any  of  the  arts  allied  to,  or  having 
interests  in  common  with.  Engineering,  may  be  deemed  by  the 
Council  to  be  worthy  of  the  distinction  of  Associateship. 


TRANSFERENCE. 

6.  At  the  discretion  of  the  Council  properly  qualified  Associate 
Members  may  on  application  be  transferred  to  the  class  of  Members, 
and  properly  qualified  Associates  may  be  transferred  to  the  classes  of 
Associate  Membera  or  Members. 
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HONORAKY  LIFE  MEMBERS. 

6.  The  Council  shall  have  the  power  to  nominate  as  Honorary 
Life  Members  persons  of  eminent  scientific  attainments. 


PRIVILEGES   OF   MEMBERSHIP. 

7.  The  Members,  Associate  Members,  Graduates,  Associates,  and 
Honorary  Life  Members  shall  have  notice  of,  and  the  privilege  to 
attend,  all  Meetings;  but  Members  and  Associate  Members  only 
shall  be  entitled  to  vote  thereat. 

8.  The  abbreviated  distinctive  Titles  for  indicating  the  connection 
with  tlie  Institution,  of  Members,  Associate  Members,  Graduates, 
Associates,  or  Honorary  Life  Members  thereof,  shall  be  the 
following : — for  Members,  M.  I.  Mech.  E. ;  for  Associate  Members, 
A.  M.  I.  Mech.  E. ;  for  Graduates,  G.  I.  Mech.  E. ;  for  Associates, 
A.  I.  Mech.  E. ;  for  Honorary  Life  Members,  Hon.  M,  I.  Mech.  E. 

9.  Subject  to  such  regulations  as  the  Council  may  from  time  to 
time  prescribe,  any  Member,  Associate  Member,  or  Associate  may 
upon  application  to  the  Secretary  obtain  a  Certificate  of  his 
membership  or  other  connection  with  the  Institution.  Every  such 
certificate  shall  remain  tlie  property  of,  and  shall  on  demand  be 
returned  to,  the  Institution. 


EXAMINATIONS. 

!)a.  The  Council  shall  cause  to  bo  hold  Examinations  for 
Candidates  seeking  to  be  elected  as  Associate  Members  and  witliin 
the  ages  for  which  Examinations  are  reciuirod,  and  for  Candidates 
seeking  to  l)e  elected  as  Graduates ;  and  shall  frame  and  publish 
Rulefs,  confiistont  with  these  P>y-laws,  regulating  such  Examinations 
and  defining  the  cases  ami  circnniKtancos  under  which  such 
Examinations  shall  ai)ply,  the  pcjriods  at  which  they  shall  bo  held, 
the  subject  which  they  shall  comprise,  the  foes  which  shall  bo  paid 
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or  deposited  by  Candidates  in  respect  of  sucli  Examinations  and 
the  nature  of  the  Certificate  (if  any)  to  be  granted  to  successful 
Candidates ;  and  such  Eules  shall  include  the  list  of  Examinations 
held  by  other  bodies  the  passing  of  which  will  respectively  exempt 
a  Candidate  from  being  required  to  pass  the  Associate  Membership 
Examination  or  the  Graduateship  Examination.  And  the  Council 
shall  have  power  from  time  to  time  to  vary  or  rescind  any  such 
Eules  and  to  make  any  such  other  Rules  in  connection  with  any 
such  Examinations  as  may,  consistently  with  these  By-laws,  be 
necessary  or  desirable. 


ENTRANCE  PEES  AND  SUBSCRIPTIONS. 

10.  Each  Member  shall  pay  an  Annual  Subscription  of  £3,  and 
on  election  an  Entrance  Fee  of  £2. 

11.  Each  Associate  Member  shall  pay  an  Annual  Subscription  of 
£2  10s.,  and  on  election  an  Entrance  Fee  of  £1.  If  afterwards 
transferred  by  the  Council  to  the  class  of  Members,  ho  shall  pay  on 
transference  10s.  additional  Subscription  for  the  current  year,  and  £1 
additional  Entrance  Fee. 

12.  Each  Graduate  shall  pay  an  Annual  Subscription  of  £1  10s., 
but  no  Entrance  Fee. 

13.  Each  Associate  shall  pay  an  Annual  Subscription  of  £2  10s., 
and  on  election  an  Entrance  Fee  of  £1.  If  afterwards  transferred 
by  the  Council  to  the  class  of  Associate  Members,  he  shall  pay  on 
transference  no  additional  Subscription  or  Entrance  Fee.  If  transferred 
direct  to  the  class  of  Members,  he  shall  pay  on  transference  10s. 
additional  Subscription  for  the  current  year,  and  £1  additional 
Entrance  Fee. 

14.  All  Subscriptions  shall  be  payable  in  advance,  and  shall 
become  due  on  the  1st  day  of  January  in  each  year  ;  and  the  first 
Subscription    of  each   Member,  Associate   Member,   Graduate,   and 


'"^XIV  BY-LAWS.  1913. 

Associate,  shall  date  from  tho  1st  day  of  January  in  the  year  of 
his  election,  and  shall,  except  in  the  cases  provided  for  by  By-law  15, 
entitle  him  to  tho  Proceedings  published  during  that  year. 

15.  In  the  case  of  each  Member,  Associate  Member,  Graduate,  or 
Associate,  elected  in  the  last  three  months  of  any  year,  the  first 
Subscription  shall  cover  both  the  year  of  Election  and  the  succeeding 
year,  but  shall  only  entitle  the  person  elected  to  the  Proceedings 
published  after  his  Election. 

16.  Any  Member,  Associate  Member,  or  Associate,  whose 
Subscription  is  not  in  arrear,  may  at  any  time  compound  for  his 
Subscription  for  the  current  and  all  future  years  by  the  payment 
of  Fifty  Pounds,  if  paid  in  any  one  of  the  first  five  years  of  his 
membership.  If  paid  subsequently,  the  sum  of  Fifty  Pounds  shall 
be  reduced  by  One  Pound  per  annum  for  every  year  of  membership 
after  five  years.  All  compositions  shall  be  deemed  to  be  capital 
moneys  of  the  Institution. 

17.  No  Proceedings  or  Ballot  Lists  or  Certificates  shall  be  sent  to 
Members,  Associate  Members,  Graduates,  or  Associates,  who  are  in 
arrear  with  their  Subscriptions  more  than  twelve  months,  and  whose 
Subscriptions  have  not  been  remitted  by  the  Council  as  hereinafter 
provided.     (By-law  18.) 

18.  The  Council  may  at  their  discretion  reduce  or  remit  the 
Annual  Subscription,  or  the  arrears  of  Annual  Subscription,  of  any 
Member  or  Associate  Member  who  shall  have  been  a  subscribing 
member  of  the  Institution  for  twenty  years,  and  shall  have  become 
unable  to  continue  the  Annual  Subscription  provided  by  these 
By-laws. 


ELECTION  OF  MEMBERS,  ASSOCIATE  MEMBERS, 
GRADUATES,  AND  ASSOCIATES. 

19.  Every  proposal  for  Election  shall  l)o  in  accordance  with 
Form  A  or  Form  B  in  the  Appendix,  and  sliall  bo  forwarded  to 
the  Secretary,  who  shall  lay  it  before  the  Council.      Tho  Form  A 
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must  be  signed  by  the  Candidate  and  by  not  less  than  five  Members 
or  Associate  Members,  and  the  Form  B  by  the  Candidate  and  by  not 
less  tban  one  Member  or  Associate  Member. 

20.  All  Elections  shall  take  place  by  Ballot  of  the  Members 
and  Associate  Members,  four-fifths  of  the  votes  given  being 
necessary  for  Election. 

21.  Every  proposal  for  Election  shall  be  considered  by  the 
Council.  The  Ballot  Lists  sliall  contain  only  such  names  in 
each  class  as  are  approved  by  the  Council  for  Election.  Each 
List  of  approved  Candidates  shall  be  signed  by  the  Chairman 
of  the  Council  Meeting  authorising'  its  issue.  The  Ballot  Lists 
shall  be  classified,  and  shall  specify  the  name,  occupation  and 
address  of  each  Candidate,  and  the  names  of  his  Proposer  and 
Seconder ;  they  shall  be  sent  to  Members  and  Associate  Members 
only,  and  shall  be  opened  by,  or  in  the  presence  of,  a  Committee 
appointed  for  that  purpose  by  the  Council.  The  Committee  shall 
report  the  result  of  the  Ballot  to  the  Council. 

22.  The  result  of  each  Ballot  shall  be  declared  at  the  next 
General  Meeting. 

23.  When  a  Candidate  is  elected,  the  Secretary  shall  give  him 
notice  thereof  according  to  Forms  D  or  E  in  the  Appendix;  but 
his  name  shall  not  be  added  to  the  register  of  the  Institution  until 
he  shall  have  paid  his  Entrance  Fee  and  first  Annual  Subscription. 

24.  In  case  of  non-Election,  no  mention  thereof  shall  be  made  in 
the  Minutes,  nor  any  notice  given  to  the  unsuccessful  Candidate. 

25.  An  Associate  Member  desirous  of  being  transferred  to  the 
class  of  Members,  or  an  Associate  to  the  class  of  Associate  Members, 
or  to  that  of  Members,  shall  forward  to  the  Secretary  a  proposal, 
according  to  Form  C  in  the  Appendix,  signed  by  not  less  than  five 
Members  or  Associate  Members,  which  shall  be  laid  before  the 
Council.     On  their  approval  being  given,  the  Secretary  shall  notify 
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the  same  to  the  Candidate  according  to  Form  F  ;  but  his  name  shall 
not  be  added  to  the  list  of  Members  or  Associate  Members  until  he 
shall  have  paid  the  additional  Entrance  Fee  (if  any),  and  the  additional 
Subscription  (if  any)  for  the  current  year. 


ELECTION  OF  PRESIDENT,  VICE-PRESIDENTS, 
AND  MEMBERS  OF  COUNCIL. 

20.  At  the  General  Meeting  preceding  the  Annual  General 
Meeting,  the  Council  are  to  present  a  list  of  Members  nominated  by 
them.  Any  Member  or  Associate  Member  shall  then  be  entitled  to 
add  to  the  list  of  Candidates.  A  Ballot  List  of  the  proposed 
names  shall  be  forwarded  to  each  Member  and  Associate  Member. 
The  Ballot  Lists  shall  be  opened  only  on  the  day  of  the  Annual 
General  Meeting,  in  the  presence  of  the  Council,  by  a  Committee 
appointed  for  that  purpose. 


APPOINTMENT  AND  DUTIES  OF  OFFICERS. 

27.  The  Treasurer  shall  be  a  Banker,  and  shall  hold  the 
uninvested  funds  of  the  Institution,  except  the  moneys  in  the  hands 
of  the  Secretary  for  current  expenses.  He  shall  be  appointed,  on 
the  recommendation  of  the  Council,  by  the  Members  and  Associate 
Members  at  a  General  or  Special  Meeting,  and  shall  hold  office  at 
the  pleasure  of  the  Council. 

28.  The  Secretary  of  the  Institution  shall  be  appointed,  on 
tlie  recommendation  of  the  Council,  as  and  when  a  vacancy 
occurs,  by  the  Members  and  Associate  Members  at  a  General  or 
Special  Meeting,  -and  shall  bo  removable  by  tlie  Council  upon 
six  months'  notice  from  any  day.  The  Secretary  shall  give  the 
same  notice.  Tlie  Secretary  shall  devote  tlie  wliole  of  his  time  to 
the  work  of  tlio  Institution,  and  sliall  not  engage  in  any  other 
business  or  profossion. 
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29.  It  shall  be  the  duty  of  the  Secretary,  under  the  direction 
of  the  Council,  to  conduct  the  correspondence  of  the  Institution  ; 
to  attend  all  meetings  of  the  Institution,  and  of  the  Council,  and  of 
Committees ;  to  take  minutes  of  the  proceedings  of  such  meetings ; 
to  read  the  minutes  of  the  preceding  meetings,  and  all  communications 
that  he  may  be  ordered  to  read ;  to  superintend  the  publication  of 
such  Papers  as  the  Council  may  direct ;  to  have  the  charge  of  the 
Institution  building  and  library ;  to  direct  the  collection  of  the 
Subscriptions,  and  the  preparation  of  the  account  of  expenditure  of  the 
funds ;  and  to  present  all  accounts  to  the  Council  for  inspection  and 
approval.  He  shall  also  engage  (subject  to  the  approval  of  the  Council), 
and  be  responsible  for,  all  persons  employed  under  him,  and  set 
them  their  portions  of  work  and  duties.  He  shall  conduct  the 
ordinary  business  of  the  Institution,  in  accordance  with  the  Articles 
and  By-laws  and  the  directions  of  the  President  and  Council ;  and 
shall  refer  to  the  President  in  any  matters  of  difficulty  or 
importance,  requiring  immediate  decision. 

30.  The  Auditor  shall  be  a  Follow  of  the  Institute  of  Chartered 
Accountants,  and  shall  bo  a2)poiuted  annually  by  the  Members  and 
Associate  Members  at  a  General  or  a  Special  Meeting,  at  a 
remuneration  to  be  then  fixed  by  tlie  Members  and  Associate 
Members.  The  yearly  Accounts,  after  being  duly  audited,  shall  be 
presented  by  the  Council  to  the  Annual  General  Meeting. 

MEETINGS. 

31.  Every  Paper  shall  be  submitted  to  the  Council  for  approval, 
and  after  approval  shall  be  read  at  a  General  Meeting,  or  shall 
be  printed  in  the  Proceedings  without  having  been  read  at  a  General 
Meeting,  as  may  be  directed  by  the  Council. 

32.  The  proceedings  at  the  General  Meetings  shall,  as  far  as 
practicable,  conform  to  the  following  order : — 

Ist.  The  Chair  shall  be  taken  at  such  hour  as  the  Council 
may  dii'ect. 
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2nd.  The  Minutes  of  the  previous  Meeting  shall  bo  read  by 
the  Secretary,  and,  after  being  aj^proved  as  correct,  shall 
bo  signed  by  the  Chairman. 

3rd.  The  result  of  the  examination  of  the  Ballot  Lists  shall  be 
declared  to  the  Meeting,  and  the  names  of  the  Members, 
Associate  Members,  Graduates,  and  Associates  elected 
shall  be  announced.  Any  Transferences  made  by  the 
Council  since  the  last  Meeting  shall  also  be  announced. 

4th.  Papers  approved  by  the  Council  shall  be  read  by  the 
Secretary,  or  by  the  Author,  as  may  be  directed  by  the 
Council. 

33.  Each  Member  or  Associate  Member  shall  have  the  privilege 
of  introducing  one  friend  to  any  of  the  General  Meetings ;  but,  during 
such  portion  of  any  Meeting  as  may  be  devoted  to  any  business 
connected  with  the  management  of  the  Institution,  visitors  shall  be 
requested  by  the  Chairman  to  withdraw,  if  any  Member  or  Associate 
Member  asks  that  this  shall  be  done. 

34.  Every  Member,  Associate  Member,  Graduate,  Associate,  or 
Visitor,  shall  write  his  name  and  residence  in  a  book  to  be  kept 
for  the  purpose,  on  entering  each  Meeting. 

35.  The  discussion  upon  any  Paper  may  bo  adjourned  at  the 
discretion  of  the  Chairman. 

36.  Seven  clear  days'  notice  at  least  shall  be  given  of  every 
meeting  of  the  Council.  Such  notice  shall  specify  generally  the 
business  to  be  transacted  by  the  meeting.  No  business  involving 
the  expenditure  of  the  funds  of  the  Institution  (except  by  way  of 
payment  of  current  salaries  and  accounts)  shall  bo  transacted  at 
any  Council  meeting  unless  specified  in  the  notice  convening  the 
meeting. 

MISCELLANEOUS. 

37.  Tlie  President  shall  ex  ojjl'ut  be  a  member  of  all  Committees 
of  the  Council. 

38.  All  Communications  to  the  Institution,  unless  declined,  shall 
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be  the  property  of  the  Institution,  and  shall  be  published  only  by 
the  authority  of  the  Council. 

39.  None  of  the  property  of  the  Institution  shall  bo  taken 
out  of  the  premises  of  the  Institution  without  the  consent  of  the 
Council. 

40.  All  Donations  to  the  Institution  shall  be  enumerated  in  the 
Annual  Report  of  the  Council  presented  to  the  Annual  General 
Meeting. 

41.  Advance  copies  of  Papers  to  be  read  at  the  Meetings  may  be 
sent  to  members  on  application  to  the  Secretary. 

42.  All  Books,  Drawings,  Communications,  etc.,  shall  be  accessible 
to  the  members  of  the  Institution  at  all  reasonable  times. 

43.  Graduates  and  Associates  elected  prior  to  1893  shall, 
notwithstanding  anything  in  these  By-laws  contained,  retain  the 
privileges  set  out  in  the  By-laws  as  revised  in  January  1890. 


APPENDIX. 


FORM    A. 

(Proposal  as  Member,  Associate  Member,  or  Associate.) 

Name  in  full 

Desi<jnation  or  Occupation 

Business  Address 

being years    of    age,   and   desirous    of    admission    into    The 

Institution   of    Mechanical   Engineers,   we,   the  undersigned    proposer   and 
seconder  from  our  personal  knowledge,  and  (at  least)  three  other  supporters, 
propose  and  recommend  him  as  a  proper  person  to  belong  to  the  Institution. 
Witness  our  hands,  this day  of 

Five  Members'  or  Associate  Members'  Signatures  arc  required. 

Proposed  from  personal  knowledge  by 

Seconded  from  2>crsonal  knowledge  by 

Supported  from  personal  knowledge  by 

Supported  from  trustworthy  information  by 


Those  who  sign  this  Foron  are  desired  to  append  their  initials  to  the  portions 
of  the  statement  oi  which  they  have  personal  knowledge. 
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Engagement. 

I,  the  undersigued,  do  hereby  agree  that,  in  the  event  of  my  election 
as  Member,  Associate  Member,  or  Associate,  I  will  be  governed  by  the 
regulations  of  The  Institution  of  Mechanical  Engineers  as  they  are  now 
formed  or  as  they  may  hereafter  be  altered ;  that  I  will  advance  the  objects 
of  the  Institution  as  far  as  shall  be  in  my  power,  and  will  attend  the 
Meetings  thereof  as  often  as  I  conveniently  can :  provided  that,  whenever 
I  shall  signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing 
from  the  Institution,  I  shall  (after  the  payment  of  any  arrears  which  may  be 
due  by  me  at  that  period)  be  free  from  this  obligation. 


Signature  of  Candidate 


*  Initials  of 
Supporters. 


Examination   passed    exempting    from   Associate  Membership : 
Examination  and  date  f : 

Date  and  Place  of  Birth : 

General  Education  (with  dates) : 

Technical  Education   (with  dates,   subjects  and  principal  sue- ; 
cesses) : 

Apprenticeship  (with  dates,  and  particulars  of  training  received) : 
Subsequent  Career  (with  dates,  and  positions  held) \ 


Brief  Details  of  most  important  Mechanical  Engineering  work 
for  which  Candidate  has  been  personally  responsible 


Membership  in  other  Societies • 

Signature  of  Candidate 

*  Members  supportinj^  tliiH  propOHjil  are  rcciunstcd  to  place  their  initiiils  iif^ainst 
those  particulars  of  the  Candidate's  career  of  which  they  have  persoual  kuowledgo, 
t  Certillcate  to  be  sent,  in  wiiii  thin  proposal. 
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FORM   B. 

(Proposal  as  Graduate.) 

Name  in  full 

Designation  or  Occupation 

Business  Address 

Address  for  communications 

being years  of  age,  and  desirous  of  becoming  a  G-raduate 

of  The  Institution  of  Mechanical  Engineers,  the  undersigned  proposer,  from 
personal  knowledge^  recommends  him  as  a  proper  person  to  become  a 
Grraduate  thereof. 

Witness  my  hand,  this day  of 

Proposed  from  'personal  knowledge  by 

Exempting  Examination  passed,  and  date  * 

Date  and  Place  of  Birth 

General  Education  (with  dates) , 

Technical  Education  (with  dates,  subjects  taken,  and  successes  gained) 


Apprenticeship  (with  dates,  and  particulars  of  training  received). 

Arrangements  made  for  further  traiuing 

Subsequent  Career  (with  dates,  and  positions  held) 


Signature  of  Candidate 


I,  the  undersigned,  do  hereby  agree  that  in  the  event  of  my  election  I 
will  be  governed  during  my  Graduateship  by  the  regulations  of  The 
Institution  of  Mechanical  Engineers,  as  they  are  now  formed  or  as  they  may 
hereafter  be  altered :  provided  that,  whenever  I  shall  signify  in  writing  to  the 
Secretary  that  I  am  desirous  of  withdrawing  from  the  Institution,  I  shall 
(after  the  payment  of  any  arrears  which  may  be  due  by  me  at  that  period) 
be  free  from  this  obligation. 


Signature  of  Candidate 

*  Certificate  to  be  sent  in  with  this  proposal. 
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FORM   C. 

(Proposal  for  Transference.) 

Name  in  full 

Designation  or  Occupation 

Business  Address 

\fQ\ng years  of  age,  and  desirous  of  being  transferred  into  the  class 

of  of  The  Institution  of  Mechanical  Engineers,  we,  the 

undersigned,  from   our  'personal  knowledge,  recommend   him   as   a  proper 
person  to  be  so  transferred  by  the  Council. 

Witness  our  hands,  this day  of. 

Five   Members'   or   Associate   Members'  Signatures  are   required,  from 
personal  knowledge. 

(Members  of  the  Council  do  not  sign  this  form.) 

Proposed  by 

Seconded  by 

Those  who  sign  this  Form  are  desired  to  append  their  initials  to  the  portions  of 
the  statement  of  which  they  have  personal  knowledge. 


*  Initials  of 
Supporters. 


Qualifications  {since  joining  the  Institution). 


Signature  of  Candidate . 


*  Members  supporting  this  proposal  are  requested  to  place  their  initials  against 
those  particulars  of  the  Candidate's  career  of  which  they  have  personal  knowledge. 


FORM  D. 

Sir^ — 1  have  the  pleasure  to  inform  you  that  on  the 

you  were  elected  a of  The  Institution  of  Mechanical  P^ngineers. 

For   the   ratification   of   your  election   in  conformity  with  the  rules,  it   is 
requisite  that  your  Entrance  Fee  and  first  Annual  Subscription  be  paid,  the 

amounts  of  which  are and respectively.     If  these  be 

not  received   within  two  months  from  the  present  date,  the  Election  will 

become  void. 

I  am,  Sir,  Your  obedient  servant, 

Secretary. 
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FORM  E. 

Sir, — I  have  the  pleasure  to  inform  you  that  on  the 

you  were  elected  a  Graduate  of  The  Institution  of  Mechanical  Engineers. 
For  the  ratification  of  your  election  in  conformity  with  the  rules,  it  is 
requisite  that  your  first  Annual  Subscription  be  paid,  the  amount  of  which 
is  £1  10s.  Od.  If  this  be  not  received  within  two  months  from  the  present 
(late,  the  Election  will  become  void. 

I  am,  Sir,  Your  obedient  servant, 

Secretary. 


FOEM  F. 

Sir, — I  have  the  pleasure  to  inform  you  that  the  Council  have  approved 

of  your  being  transferred  to  the  class  of. of  The  Institution 

of  Mechanical  Engineers.  For  the  ratification  of  your  Transference  in 
conformity  with  the  rules,  it  is  requisite  that  your  additional  Entrance 
Fee  and   additional  Annual  Subscription  for  the  current  year  be  paid,  the 

amounts  of  which  are and respectively.     If  these 

be  not  received  within  two  months  from  the  present  date,  the  Transference 
will  become  void. 

I  am,  Sir,  Your  obedient  servant. 

Secretary. 


Jan.  1913. 
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PROCEEDINGS. 


January  1913. 


An  Ordinary  General  Meeting  was  held  at  the  Institution 
on  Friday,  17th  January  1913,  at  Eight  o'clock  p.m. ; 
Edward  B.  Ellington,  Esq.,  President,  in  the  Chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that  the  Council,  under  Article  25, 
had  appointed  Sir  John  Wolfe  Barry,  K.C.B.,  a  Vice-President, 
to  fill  the  vacancy  caused  by  the  nomination  of  Sir  H.  Frederick 
Donaldson,  K.C.B.,  as  President.  His  name  was  therefore 
included  in  the  Retiring  List. 

In  accordance  with  Article  23,  the  President,  two  Vice- 
Presidents,  and  seven  Members  of  Council  would  retire  at  the 
ensuing  Annual  General  Meeting ;  and  the  complete  list  of  those 
retiring  was  as  follows  : — 

President. 

Edward  B.  Ellington,  .....     London. 

Vice-Presidents. 

Sir  John  Wolfe  Barry,  K.C.B.,  LL.D.,  F.R.S.,*     .     London. 
Henry  Davey,    .......     Ewell. 

♦  Appointed  during  the  year. 


COUNCIL    RETIRING    LIST. 


Jan.  1913. 


Members  of  Council. 

Sir  John  Wolfe  Barry,  K.C.B.,  LL.D.,  F.ll.S., 

H.  S.  Hele-Shaw,  LL.D.,  D.Sc,  F.R.S. 

j.  rossiter  hoyle, 

Robert  Matthews, 

Donald  B.  Morison,* 

Sir  Gerard  A.  Muntz,  Bart. 

William  H.  Patchell,* 


London. 

London. 

Sheffield. 

Manchester. 

Hartlepool. 

Birmingham. 

London. 


The  foregoing  retiring  Vice-Presidents  and  Members  of  Council 
were  hereby  nominated  by  the  Council  for  election,  with  their 
consent. 

The  following  Nominations  were  also  made  by  the  Council!  for 
the  election  at  the  Annual  General  Meeting,  and  have  consented  : — 


For  President. 
Sir  H.  Frederick  Donaldson,  K.C.B.,  . 


Woolwich. 


For  Members  op  Council. 

Election  as 
Member. 

1899.  John  Dewrance,       .....     London. 
1870.  Charles  Hawksley,  ....     London. 

1892.  Alfred  Herbert,     .....     Coventry. 


The  President  reminded  the  Meeting  that,  according  to 
By-law  26,  any  Member  or  Associate  Member  was  then  entitled  to 
add  to  the  list  of  candidates. 

No  other  names  being  added,  the  President  announced  that  the 
for(;going  names  would  accordingly  constitute  the  nomination  list 
for  the  Election  of  Officers  at  the  Annual  General  Mectinir. 


*  Appointed  during  the  year. 


Jan.  1913. 


ELECTION   OF    MEMBERS. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  Committee  appointed  by 
the  Council,  and  that  the  following  eighty-eight  candidates  were 
found  to  be  duly  elected  : — 

MEMBERS. 

Basagoiti,  Walter  Parke  de, 


Becker,  Clarence,  . 
Britton,  John  William,  . 
Cameron,  Hugh  Porteous, 
Cooper,  Jasper  Edwin, 
Glover,  John  Percy, 
Harnett,  William  Falkiner, 
McGuFFiE,  Harold  Alexander 
Newall,  John  Fenton, 
Stevenson,  Arthur  David, 
Yule,  James  Alexander, 


associate  members. 
Bartley,  Bussell  Howard, 
Bayley,  Frederic  John,  . 
Bedford,  Jesse,       .  .  .  .         . 

Cartwright,  Aubrey  Charles  Matthews,  . 
Cartwright,  William,  Jun., 
Cary,  Albert  Amesbury, 
Caster,  George,       .  .  .  .  . 

Cook,  Sydney  Herbert,    .  .  .  . 

Day,  Sydney  Edmund,       .  .  .  . 

DiDDEN,  Francis  George  John, 
Donaldson,  Archibald  William, 
DouGiLL,  Alfred  William, 
Field,  Edward  Hubert,   . 
Gilbert,  George, 
Glover,  William  Alfred, 
Goodyear,  Dick  Claude, 
HiGSON,  Percy  Reuben,    . 

HOLLOWDAY,  AlVERO, 


Selangor. 

Ilkley. 

Dublin. 

Rangoon. 

Dartmouth. 

Newcastle-on-Tyne. 

Kanchrapara. 

Glasgow. 

Manchester. 

Sydney. 

Johannesburg. 


Auckland,  N.Z. 

Vera  Cruz. 

Glasgow. 

Ceylon. 

Ashton-under-Lyne. 

Bolton. 

London. 

Belfast. 

Bury  St.  Edmund's. 

London. 

Barking. 

Birmingham. 

London. 

Russian  Turkestan. 

Retford. 

Romford. 

London. 

Grimsby. 
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ELECTION   OF    MEMBERS. 
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Howes,  William,     . 
HuTT,  Arthur  Cyril, 
Irwin,  Richard  Stanley, 
Kitchener,  Henry  Thornton, 
KiTCHiNG,  John,  Jun., 
Leighton,  Leopold, 
Malyon,  Frederick  Wilson, 
MoRRELL,  George  Mark,  Lieut.  R.E. 
Nelson,  George  Horatio, 
KicHOL,  John  Oswald, 
NooNAN,  Lionel  Felix,     . 
Pearce,  Thomas, 
Poynting,  Arthur, 
Price,  Frederick  Charles, 
Price,  John  Thomas, 
Richardson,  Harry, 
Robertson,  Henry  Lings, 
Ross,  Charles, 
Sage,  Leonard, 
ScHOFiELD,  Frederick  James, 
Skilling,  Frank  George, 
Smith,  Louis  Victor, 
Stuckenschmidt,  Friedrich  George, 
SwARBRiCK,  Frederick,     . 
SwiNSON,  Wilfred  Charles, 
Taylor,  George  Henry, 
Taylor,  Herbert  George, 
Thiselton-Dyer,  George  Henry, 
Thomson,  William  George  Hope, 
Turner,  Harold  Lupton, 
Walker,  Charles  Albert, 
White,  Thomas  Edwin  Spragge, 
Wilkinson,  Andrew, 

associate 


London. 

London. 

Seremban,  Malay. 

London. 

Kingston-on-Thames . 

Hull. 

Auckland,  N.Z. 

Malta. 

Manchester. 

Bangalore. 

Goa. 

Lillooah. 

London. 

Altrincham. 

Brierley  Hill. 

Manchester. 

Fleetwood. 

Larne. 

London. 

Bulawayo. 

Brantham. 

Birmingham. 

Bedford. 

Newtownsmyth 

London. 

London. 

London. 

Bombay. 

Sheffield. 

Birmingham. 

London. 

Tezpur,  Assam. 

Charlton. 


White,  Alfred  Ernest,   . 


London. 
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ELECTION   OF    MEMBERS. 


GRADUATES. 

BoxAR,  Robert,        .....  Kirkcaldy. 
Chandrashekharaiya,  Hosagrahar  Ramanna,  Bombay. 

Dale,  Tom  Jesse,     .....  Cairo. 

Davis,  Leslie  Waring  Westacott,     .  .  Bristol. 

Duncan,  William  Jolly,  .  .  .  London. 

Farrell,  Norbert  Nelson,         .  ,  .  London. 

FossEY,  Alfred  Henry,    ....  Rugby. 

Garner,  William  Clewes,         .  .  .  Manchester. 

Gilbert,  David,        .....  London. 

HoLLOWDAY,  Carl  Victor,  .  .  .  Grimsby. 

Hughes,  Percy  Henry,     ....  Gloucester. 

Jones,  Gwynne  Corbett,  ....  Lincoln. 

Jordan,  Herbert  Malcolm,       .  .  .  London. 

Legg,  Oscar  Stevens,        ....  London. 

Lloyd-Evans,  Bernard  John,    .  .  .  London. 

Montagu,  Ainsley  Marshall  Rendall,      .  London. 

Paget,  Ferrand,       .....  Bangkok. 

Parsons,  Beresford  Frank,       .  .  .  Birmingham. 

Rose,  Bernard  Alfred,    ....  Cardiff. 

Ruffle,  Clifford  Frederick  Scott,  .  .  Calcutta. 

Stanley,  Charles  Rupert,         .  .  .  London. 

Stapleton,  Arnold  Bamford,     .  .  .  London. 

TuppEN,  Harold  Richard,         .  .  .  London. 

WiLDY,  Eric  Lawrence,   ....  London. 

WiLKiNS,  Frank  Trevor,  .  .  .  Birmingham. 


The  President  announced  that  the  following  nine  Transferences 
had  been  made  by  the  Council : — 


Associate  Members  to  Memhers. 

BoNSTOw,  Thomas  Lacey,  ....  Mexico. 

Drury,  Reginald  Starr,  ....  Hull. 

Froggatt,  Frederick, Wolverhampton. 
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TRANSFERENCES. 
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Hamilton,  James  Alexander, 
Lakin-Smith,  Clifford, 
Mensforth,  Holberry,  . 
SiMCOCK,  Philip,    . 
Smith,  Dempster,  . 
Wolstenholme,  Walter, 


Singapore. 

Birmingham. 

Manchester. 

Bombay. 

Manchester. 

London. 


The  President  gave  notice,  in  accordance  with  Article  22,  of 
proposed  alterations  in  and  additions  to  the  By-laws,  which  had 
already  been  circulated  to  the  members. 


The  following  Paper  was  read  and  discussed  : — 

"  Indicators  "  ;  by  James  G.  Stewart,  of  Dundee. 


The  Meeting  terminated  at  Ten  o'clock.     The  attendance  was 
151  Members  and  59  Visitors. 
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INDICATORS. 


By  JAMES  G.  STEWART,  of  Dundee. 


The  Indicator  even  when  used  with  the  greatest  care  is,  like 
many  other  instruments,  subject  to  systematic  errors,  the  presence 
of  all  of  which  has  not  yet  been  fully  recognized. 

This  Paper  describes  some  experiments  which  have  been  made 
to  determine  these  errors ;  it  discusses  the  defects  of  indicators, 
and,  in  order  to  give  a  concrete  conception  of  the  errors  both  in 
mean  pressure  and  in  the  shape  of  the  diagram,  it  gives  the 
correction  of  the  diagrams  of  Professor  Burstall's  Crosby-Hopkinson 
comparison  tests,  a  Paper  on  which  was  read  before  the  Institution 
of  Mechanical  Engineers  in  1909  (page  785).  These  have  been 
chosen  because  there  was  there  general  agreement  that  the 
indicating  was  of  the  highest  order  possible  with  the  given 
instruments. 

The  research  has  been  carried  out  in  the  laboratories  of 
the  Mechanical  Engineering  Department  of  the  University  of 
Birmingham.  The  author  wishes  to  acknowledge  his  indebtedness 
to  Professor  F.  W.  Burstall  for  permission  to  use  the  indicators 
and  for  facilities  to  prosecute  his  research ;  he  is  indebted  to 
Mr.  A.  W.  Hone  for  his  assistance  in  those  parts  of  the 
experiments  which  could  not  conveniently  be  done  by  one 
experimenter. 
[The  I.Mech.E.] 
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A  consideration  of  the  uses  to  which  some  of  the  most  eminent 
engineers  have  put  the  indicator  and  of  the  far-reaching  deductions 
made  by  them  led  to  this  investigation  of  its  behaviour.  As  it 
will  give  a  clearer  conception  of  the  problem,  some  of  these  uses 
will  be  briefly  stated.  Professors  Callendar  and  Nicolson,*  in 
their  classic  experiments  on  the  temperatures  in  the  steam-engine, 
found  a  discrepancy  between  the  temperature  of  the  steam  as 
measured  directly  and  as  calculated  from  the  indicator  diagram. 
The  discrepancy,  although  small,  they  explained  by  a  theory  of 
instability  of  state  of  steam  during  expansion ;  it  could  be 
explained  very  satisfactorily  by  an  error  in  their  indicated  pressures 
if  such  could  be  proved  to  exist.  Professor  Burstall  in  his  gas-engine 
work  has  made  much  use  of  the  indicator ;  he  has  calculated  from 
its  diagrams  the  temperatures  of  the  gases  throughout  the 
expansion-stroke  and  compared  them  with  actual  measurements  of 
these  temperatures.!  He  has  enunciated  a  law  of  cooling  in  the 
gas-engine  cylinder,  and  supported  it  by  the  agreement  of  deductions 
made  from  it  with  the  indicated  form  of  the  expansion  line. J 
Mr.  Dugald  Clerk,  in  his  well-known  work  on  the  specific  heat  of 
gases,  has  depended  almost  entirely  on  his  indicator  diagrams. § 

Professor  Bertram  Hopkinson  has  also  used  his  indicator  to 
determine  the  specific  heats  of  gases,  and  has  found  unexplained 
peculiarities  towards  the  end  of  compression  and  beginning  of 
expansion.  The  problem  of  the  behaviour  of  gases  in  a  gas-engine 
cylinder  would  be  much  simplified  if  these  could  be  explained  by 
errors  in  the  indicator. 

In  steam-engine  work  an  almost  absolute  reliance  is  placed  on 
the  indicator  diagram ;  from  it  one  deduces  dryness-fractions  of 
the  expanding  steam  and  draws  the  corresponding  entropy 
diagrams;    from   which   in   turn  various   deductions   are  made    of 

*  Proceedings,  Inst.  C.E.,  1897-8,  vol.  cxxxi,  page  147. 

t  Proceedings,  Inst.  Moch.E.,  1901,  Part  5,  page  1031. 

X  Proceedings,  Inst.  Mech.E.,  1908.  TJdrd  Report  on  Gas-Engino  Research, 
Appendix  I,  page  18. 

§  "Limits  of  Thermal  Efficiency."  Proceedings,  Inst.  C.E.,  190G-7 , 
vol.  clxix,  and  later  Papers. 
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heat  interchanges  taking  place  in  the  cylinder.  In  the  measurement 
of  indicated  horse-power  there  is  not  more  reason  for  putting  trust 
in  the  indicator.  If  through  any  cause  a  large  amount  of  friction 
were  offered  to  the  motion  of  the  pencil,  the  indicated  horse-power 
would  be  much  in  excess  of  the  true  horse-power  for  diagrams  of 
the  usual  shape. 

The  author's  experiments  lead  to  the  conclusion  that  the  errors 
in  indicator  diagrams  are  much  greater  than  has  been  usually 
assumed.  They  show  that  there  is  a  lag,  often  very  great,  of  the 
pencil  behind  its  true  position,  and  that  the  error  so  introduced  is 
not  a  constant  but  generally  increases  with  the  stiffness  of  the 
spring  and  with  the  pressure.  Of  equal  importance  is  it  that  these 
errors,  large,  yet  not  readily  apparent,  are  not  uniform  but  vary 
with  different  indicators  and  even  with  different  springs  of  the 
same  scale.  These  errors  and  the  uncertainty  of  their  magnitude 
are  hurtful  to  the  progress  of  engineering.  The  indicator  should 
either  be  made  an  accurate  instrument,  or  a  ready  means  of 
measuring  its  errors  should  be  devised.  The  methods  used  in  these 
experiments  go  some  way  towards  making  the  latter  alternative 
possible,  and  the  results,  in  so  far  as  they  point  out  the  causes  of 
errors,  will  be  useful  to  designers  in  their  search  after  the  form.er. 

Very  few  investigations  into  the  behaviour  of  the  indicator  have 
been  made.  In  1885  Professor  Reynolds  read  a  Paper  on  the 
indicator  in  which  he  discussed  its  errors.*  He  gave  an  equation 
of  motion  of  the  pencil  which,  however,  neglected  the  presence  of 
any  damping  forces ;  the  equation  unfortunately  is  not  applicable 
to  the  correction  of  the  ordinary  indicator  diagram.  Reynolds 
gave  a  method  of  determining  the  friction  by  the  use  of  a  light 
spring.  It  has  generally  been  accepted  that  the  friction  so 
determined  is  the  friction-resisting  motion  of  the  pencil,  whatever 
be  the  spring  used  and  whatever  be  the  pressure  on  the  piston ; 
the  friction  in  use  is  really  much  greater.  Reynolds's  theory  of 
errors  of  drum  motion  is  satisfactory  so  far  as  it  goes,  but  a  fuller 
treatment  is  advisable  for  present-day  needs.     Reynolds's  Paper  was 

*  Proceedings,  Inst.  C.E.,  1885,  vol.  Ixxxiii,  page  1. 
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accompanied  by  one  *  by  Dr.  Brightmore,  in  which  he  gave  the 
results  of  experiments  which  he  had  made.  They  went  to  show 
the  presence  of  the  factors  discussed  by  Reynolds,  but  they  did  not, 
quantitatively,  except  in  the  case  of  the  periodic  time  of  an 
oscillation  of  the  pencil,  support  Reynolds's  theories. 

Dr.  Meyer,  of  Berlin,  has  discussed  "j"  an  equation  of  motion  of 
the  pencil,  which  differs  from  Reynolds's  in  that  he  introduces  a 
term  to  represent  the  damping  forces.  These  he  assumes  to  be  due 
to  fluid  resistances  and  proportional  to  the  velocity  of  motion  of 
the  piston.  The  author's  experiments  do  not  support  these 
assumptions.  Such  equations  of  motion,  if  they  could  be  accurately 
applied,  would  be  of  value  in  cases  in  which  changes  of  pressure 
are  so  rapid  that  the  inertia  of  the  moving  parts  is  a  predominating 
factor,  for  example,  in  the  case  of  the  correction  of  the  diagram  of 
an  explosion  in  a  gas-engine  cylinder. 

There  is  in  the  indicator  the  possibility  of  two  distinct  errors  : — 

(1)  The  indicated  pressure  may  not  be  that  corresponding  to 
the  pressure  in  the  cylinder,  due  either  to  friction  or  to  inertia  of 
the  moving  parts  or  to  both. 

(2)  The  position  of  the  drum  may  not  be  that  corresponding  to 
the  position  of  the  piston,  due  to  stretch  of  the  string  or  to  straining 
in  other  parts  of  the  indicator  gear.  These  will  be  considered 
separately. 

In  the  author's  experiments  Crosby  gas-engine  indicators, 
internal  spring  type,  fitted  with  heavy  pattern  pencil  gear,  were 
used.  As  the  only  essential  difference  between  the  Crosby  gas- 
engine  indicator  and  the  Crosby  steam-engine  indicator  is  the 
diameter  of  the  piston,  the  results  are  applicable  to  the  steam 
indicator,  bearing  in  mind  that  the  scale  of  the  springs  must  be 
altered  in  proportion.  Some  experiments  were  also  made  on  a 
Hopkinson  optical  indicator ;  this  indicator  was  purchased  by  the 
Engineering  Department  of  the  University  of  Birmingham  from 
the  makers,  Messrs.  Dobbie  and  Mclnnes,  Ltd.     One  of  the  Crosby 


*  Proceedings,  Inst.  C.E.,  1885,  vol.  Ixxxiii,  page  20. 
t  '•  Untcrsuchungen  am  Gasmotor,"  Jierlin,  I'M). 
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indicators  was  the  special  indicator  used  by  Professor  Burstall  in 
his  gas-engine  research  work  (Crosby  No.  1);  the  other  and  the 
one  on  which  most  of  the  experiments  were  made  was  chosen  from 
the  remaining  indicators  in  the  possession  of  the  Department 
(Crosby  No.  2). 

As  indicator  diagrams  are  subject  to  error  from  many  causes 
which  are  really  defects  of  the  engine  and  not  of  the  indicator,  it 
is  necessary,  in  order  to  determine  the  errors  of  the  indicator,  to 
eliminate  errors  of  the  former  class.  In  the  pencil  motion  a  chief 
source  of  error  in  steam-engine  work  is  the  presence  of  water  in 
the  indicator  or  in  its  connection  with  the  cylinder ;  this  has  been 
avoided  by  using  compressed  air  as  a  working  fluid.  In  the  drum 
motion  errors  of  design  of  the  indicator  gear  were  eliminated  by 
a  differential  method.  Further,  as  no  satisfactory  deductions  on 
pencil  motion  could  be  made  from  a  diagram  taken  from  an  engine, 
a  special  method  has  been  used. 

Motion  of  the  Pencil  {or  of  the  Equivalent  Pressure  indicating 
Mechanism  of  the  Optical  Indicator). — To  record  the  pressure 
accurately,  the  pencil  must  have  for  each  pressure  a  single  definite 
position,  and  it  must  take  this  position  whenever  the  pressure  in 
the  cylinder  is  that  corresponding  to  the  position.  This  is  only 
approximated  to  in  any  indicator.  Friction  and  the  inertia  of  the 
moving  parts  introduce  errors ;  there  may  also  be  an  error  due  to 
slackness  in  the  pins  of  the  pencil  gear,  which  error,  however,  is 
one  which  ought  to  be  avoided.  A  knowledge  of  the  friction  and 
the  inertia  gives  the  data  necessary  to  calculate  the  error  in  the 
motion  of  the  pencil. 

Frictional  Mesistance  to  the  Motion  of  the  Pencil. — If  a  Crosby 
indicator  be  subjected  to  pressures  represented  by  the  line  ahcd, 
Fig.  1  (page  12),  it  will  be  unable  to  follow  the  instantaneous  change 
of  pressure  represented  by  he,  and  in  consequence  oscillations  will  be 
set  up,  and  the  pencil  will  give  some  such  indication  as  abefjhd, 
Fig.  1.  These  oscillations  will  gradually  die  out,  and  experiment 
shows   that    the    damping    per    oscillation   (A)   for   each   of    the 
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oscillations  is  very  nearly  constant,  Fig.  1.  It  is  slightly  greater 
when  the  oscillations  are  large,  but  for  general  purposes  this 
variation  may  be  neglected.  This  condition  of  constant  damping 
per  oscillation  is  an  indication  of  the  nature  of  the  friction  which 
is  damping  the  motion,  namely,  that  it  is  "  solid  "  friction,  that  is,  it 
is  of  constant  amount  and  always  opposed  to  the  motion ;  further, 
the  frictional  force  is    equivalent   to     .   Ib./in.^  on  the  piston  {see 

Appendix  I,  page  43).  As  the  successive  maximum  heights  of  the 
pencil  above  its  true  position  can  be  measured  and  plotted,  A  can  be 
obtained  with  considerable  accuracy  from  the  slope  of  the  mean 
curve.  Fig.  2.     The  slope  at  the  point  at  which  the  curve  cuts  the 


Fig.  5. 

Facsimile  of  original  Oscillation  Diagram  obtained  from  Apparatus,  Fig.  3. 

(Full  size.) 
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time  axis  gives  the  true  solid  friction.  Increased  slope  at  other 
points  indicates  the  addition  of  a  small  amount  of  fluid  damping. 
Fig.  2. 


Experiments  to  determine  Frictional  Resistance  to  Motion  of  Pencil. 
— In  these  the  apparatus  shown  in  Fig.  3  was  used.  An  ordinary 
high-pressure  air-bottle  had  two  bosses  welded  on ;  one  carried  a 
pressure-gauge,  the  other  a  valve  of  special  construction.  The 
indicator  was  attached  to  the  special  valve  as  shown.  The  valve, 
which  is  shown  separately  in  Fig.  4,  was  double-seated.  Whe  n 
the  valve  was  on  the  lower  seat,  the  indicator  was  open   to   the 
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atmosphere ;  when  it  was  on  the  upper  seat  the  indicator  was  open 
to  the  bottle,  which  in  working  conditions  held  air  under  pressure. 
This  valve  was  operated  by  a  magnet  which  made  possible  a  very 
rapid  switching  over  of  the  valve,  and  therefore  subjected  the 
indicator  to  a  very  rapid  change  of  pressure.  This  sudden  change 
is  an  approximation  to  the  instantaneous  change  represented  by  the 
line  he  in  Fig.  1.  The  drum  was  actuated  by  a  falling  weight;  the 
weight  in  falling  pulled  in  the  fork  of  a  mercury-cup  switch,  thus 

Fig.  6. — Variation  of  Frictional  Damping  Forces  with  '[variation  of 
(1)  Pencil  Pressure,  (2)  Scale  of  Spring. 


^d  k^  H 

closing  the  magnet  circuit  and  switching  the  indicator  from  the 
pressure  air  to  the  atmosphere.  By  suitably  timing  this  switch 
the  valve  could  be  made  to  act  at  a  suitable  time,  and  a  record  of 
the  movement  of  the  pencil  was  obtained  on  the  diagram.  The 
pressure  of  the  pencil  on  the  paper  was  adjusted  by  the  screw 
provided,  and  the  screw  was  held  against  the  stop  by  hanging  a 
small  weiglit  to  it.  Fig.  5  is  a  facsimile  of  an  actual  diagram  obtained 
from  this  apparatus.  It  was  originally  intended  that  the  switch- 
valve  should  give  a  practically  instantaneous  change  of  pressure  in 
the  indicator  cylinder.     Tliis,  liowever,  was  found  impossible,  but 


Jan.  1913. 


INDICATORS. 


15 


fortunately  the  very  satisfactory  oscillation  diagrams  obtained  were 
sufficient  in  themselves  to  give  complete  information. 

The  frictional  damping  forces  were  calculated  in  terms  of  their 
equivalent  pressures  on  the  piston  of  the  indicator ;  they  were 
found  to  vary  with  change  of  conditions.  So  far  pencil  pressure 
is  the  only  recognized  variable,  but  other  and  much  more  serious 
causes  of  variation  were  found.  It  was  only  after  much  work  that 
these  variables  were  separated.  Variation  of  the  friction  may  be 
stated  to  be  due  to  variation  in : — 

Fig.  7. 

Variation  of  Frictional  Damping  Force  with  Scale  of  Spi'ing 
and  Pencil  Pressure. 


409 


(1)  The  pressure  of  the  pencil  on  the  paper. 

(2)  The  stiffness  of  the  spring. 

(3)  Different  springs  of  equal  stiffness. 

(4)  The  pressure  of  the  working  fluid  in  the  indicator  cylinder. 

(5)  Different  indicators. 

Of   these  (1),  (2)  and  (3)  were  investigated  on  Crosby  Indicator 
No.  2. 

Fig.  6  shows  the  result  of  variation  of  pencil  pressure  and  of 
scale  of  spring.  As  the  pencil  pressure  was  not  directly  measurable, 
it  is  given  in  terms  of  the  turns  of  the  pencil  adjusting  screw ;  the 
zero  position  is  that  at  which  the  pencil  is  just  touching  the  drum, 
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no  paper  being  on  the  drum.  Fig.  7,  which  is  deduced  from 
Fig.  6,  gives  these  results  in  a  more  useful  form.  The  ordinates 
corresponding  to  the  points  at  which  the  curves  of  Fig.  7  cut  the 
vertical  axis  are  plotted  in  Fig.  8,  and  for  comparison  the  friction, 
as  measured  statically  with  a  light  spring  in  Reynolds's  manner,  is 
also  plotted.  It  is  noticeable  that  the  two  are  in  close  agreement. 
Having  established  this  relation.  Fig.  7  shows  the  great  excess  of 
the  friction  over  that  obtained  by  Reynolds's  method. 

The  curves  given  in  Fig.  6  for  the  240  and   160  springs  are 
average  curves.     "With  these  heavy  springs  much  variation  in  the 


Fig.  8. 


2'Or 


results  was  found  when  different  springs  were  used  {see  Fig.  9, 
which  has  the  same  co-ordinates  as  Fig.  6).  This  shows  the 
presence  of  the  third  variable. 

The  fourth  variable  which  influences  the  friction  is  the  pressure 
of  the  working  fluid  in  the  indicator  cylinder.  This  variable  was 
investigated  for  one  case  only,  namely,  Crosby  Indicator  No.  1, 
fitted  with  its  400  spring.  Tliis  indicator  and  spring  are  those 
which  were  used  in  l*rofessor  Burstall's  Crosby-llopkinson 
comparison  tests.  The  results  therefore  are  directly  a[)i)licjible 
to  the  correction  of  his  Crosby  diagrams.  The  results  are  shown 
in  Fig.  10  (page  18). 
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The  pencil  pressure  throughout  was  constant  and  was  that 
corresponding  to  f  of  a  turn  of  the  pencil  adjusting  screw.  This 
is  a  very  small  pressure  and  one  at  which  the  friction  of  the  pencil 
on  the  paper  is  so  small  that  it  may  be  neglected.  It  is  about 
the  pressure  which  one  would  adopt  when  carefully  indicating  an 
engine.  The  method  of  obtaining  the  results  of  Fig.  10  was 
different  from  that  used  in  the  other  experiments.  In  these  the 
indicator  was   in  continual  direct  connection  with    the   air-bottle. 


Fig.  9. 
Variation  of  Friction  with  different  Springs  of  the  same  Scale. 


The  height  of  the  pencil  above  the  atmospheric  line  was  therefore 
that  corresponding  to  the  pressure  of  the  air  in  the  bottle.  The 
pencil  gear  was  tripped  by  pulling  the  piston-rod  up  and  then 
suddenly  releasing  it.  This  was  done  very  simply  by  using  the 
box-key  supplied  with  the  Crosby  indicator.  The  box-key  was 
held  in  one  hand  and  with  it  the  pin  in  the  piston-rod  fork  was 
caught;  pulling,  the  pencil  was  deflected.  The  key  was  then 
allowed  to  slip  off  the  pin  and  oscillations  of  the  pencil  resulted. 
The  pressure  in  the  indicator  cylinder  during  the  oscillation  was 
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that  of  the  air  in  the  bottle,  and  thus  a  means  of  measuring  the 
friction  at  tliat  pressure  was  obtained.  There  is  the  possibility 
in  this  method  of  the  pencil  pressure  being  interfered  with,  but 
there  was  nothing  to  show  interference.  Had  it  occurred,  it  would 
have  shown  itself  in  the  varying  blackness  of  the  pencil  line. 
Moreover,  if  it  had  been  present  in  sufficient  amount  to  affect  the 


Fig.  10. 

Variation  of  Friction  with  Pressure. 

No.  1  Crosby  Indicator.     Scale  of  Spring  =  400. 
Pencil  Pressure  corresponding  to  |  turn  of  Pencil  Adjusting  Screw. 
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results  it  could  not  have  varied  systematically  throughout,  and  so 
could  not  explain  the  variation  found.  The  author  believes  the 
results  to  be  quite  as  accurate  aa  those  obtained  by  the  other 
method. 

The  variation  found  appears  to  be  a  function  Tiot  only  of  the 
pressure  but  also  of  the  position  of  the  pencil.  Some  experiments 
which  were  made  on  two  240  springs  sliow  this.  Oscillations  were 
made  in  the  usual  way  with  the  apparatus  of  Fig.  \\  (})ago  12). 
The     pressure     inside     the     indicator    cylinder    was    atmospheric 
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throughout  the  period  of  oscillation ;  the  position  of  the  pencil 
was  varied  by  means  of  the  screw  in  the  piston-rod.  The  results 
of  Fig.  11  were  obtained. 

In  these  as  in  all  experiments  with  Crosby  indicators  the  pencil 
used  was  of  5  H  Koh-i-noor  pencil  lead.  The  paper  was  a  writing 
paper  with  a  smooth  surface.  The  surface  of  the  paper  had  a 
tendency  to  be  glossy,  in  which  state  with  small  pencil  pressures 

Fig.  11. 
Variation  of  Friction  with  Height  of  Pencil. 
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it  did  not  readily  show  a  pencil  line.  As  it  was  important  that 
the  behaviour  of  the  indicator,  when  strained  as  little  as  possible, 
should  be  known,  dried  paper  was  used.  In  the  dried  state  the  paper 
had  a  smooth  matt  surface  which  was  easily  marked  by  the  pencil. 


Friction  in  the  Pressure-indicating  Mechanism  of  the  Hopkinson 
Indicator. — A  few  oscillation  diagrams  were  taken  with  the 
Hopkinson  indicator,  using  the  apparatus  of  Fig.  3  (page  12),  but 
it  was  not  possible  to  estimate  from  them  the  frictional  resistance 
to  motion,  as  the  oscillation  was  not  a  simple  one.  Fig.  12  shows 
a  facsimile  one  of  these  diagrams.     It  will  be  noticed  that  there  is 
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superimposed  on  the  main    oscillation  a  secondary  oscillation  and 
that  the  secondary  oscillation  is  not  a  harmonic  of  the  main  one. 

The  static  tests  on  this  indicator  were  more  valuable.  The 
first  test  was  intended  to  show  the  presence  of  hysteresis  if  such 
were  present.  To  effect  this  the  indicator  was  secured  with  its 
axis  in  a  vertical  position  and  with  the  spring  on  the  under  side 
of  the  cylinder.  The  spring  was  then  loaded  by  hanging  weights 
to  the  end  of  a  stiff  wire,  the  upper  end  of  which  was  hooked  to 
the  spring.  No  piston  was  used,  so  that  the  only  possible  friction 
affecting  the  motion  was  that  of  the  pivots  of  the  mirror  spindle 
or  that  of  the  spring  in  its  supports.     This  latter,  however,  was 


Fig.  12. 

Facsimile  full-size  of  original  Oscillation  Diagram 
from  Hopkinso?i  Optical  Indicator. 


believed  to  be  negligibly  small.  Care  was  taken  to  load  and 
unload  the  spring  without  jar.  Plotting  the  results,  a  diagram 
with  a  very  large  loop  was  obtained,  showing  an  error  much  in 
excess  of  what  was  to  be  expected  from  hysteresis.  The  only 
satisfactory  explanation  was  that  the  friction  of  the  spring  in  its 
supports,  instead  of  being  negligible,  was  really  very  largo.  If  it 
were  friction  it  could  be  eliminated  by  tapping.  Tliis  was  found 
to  be  the  case,  the  spot  taking  a  single  definite  position  when  tlius 
relieved  of  friction.  The  tapping  had  to  be  vigorous  and  tlie  final 
position  of  the  spot  of  light  was  dillerent  witli  vertical  and  with 
horizontjil  tsipping.  In  the  early  experiments  the  load  had  not 
been  applied  quite  centrally,  thus  introducing  a  couple  which  may 


Jax.  1913.  INMCATORS.  21 

have  caused  the  error  to  appear  greater  than  should  really  have 
been  the  case.  To  eliminate  this  possibility,  a  wire  was  bent  which 
would  apply  the  load  centrally.  This  gave  the  looped  diagrams  of 
Fig.  13  (pnge  22). 

Discussion  of  Hesulls  of  the  Experiments  on  the  Pressure-indicating 
Mechanism  of  Indicators.*' — The  Crosby  indicator,  despite  the 
accuracy  of  its  workmanship,  is  very  sensitive  to  small  defects ; 
that  is,  small  inaccuracies  in  workmanship  of  certain  parts  lead 
to  large  errors  in  indicating.  The  piston  is  secured  to  the  ball 
on  the  indicator  spring ;  any  inaccuracy  in  manufacture  which 
results  in  deflecting  that  ball  from  its  true  position  in  the  axis  of 
the  indicator  cylinder  will,  when  the  piston  and  spring  are  put  in 
place,  result  in  a  side  pressure  of  the  piston  on  the  cylinder  wall. 
Thus  friction  is  introduced.  If  the  inaccuracy  be  in  the  indicator 
cylinder  or  cover,  the  amount  of  side  pressure  will  be  greater  for 
stiflfer  springs,  and  so  the  friction  will  be  proportional  to  the 
stiffness  of  the  spring.  This  effect  is  seen  in  Fig.  7  (page  15). 
If  there  is  any  inaccuracy  in  placing  the  ball  of  the  spring  exactly 
in  the  axis  of  the  spring  this  will  introduce  a  side  thrust  and  a 
consequent  error ;  such  an  error  does  exist,  as  is  shown  by  Fig.  9 
(page  17). 

As  it  happens,  all  errors  are  much  greater  in  the  No.  2  Crosby 
than  in  the  No.  1.  The  most  readily  comparable  point  is  that  at 
atmospheric  pressure  using  400  springs.  From  the  No.  2  Crosby  we 
would  expect  3J  lb.  per  square  inch  friction  (Fig.  7,  f-turn  pencil 
pressure),  whereas  the  No.  1  Crosby  only  showed  a  friction  of 
1  lb.  per  square  inch  under  the  same  conditions.  There  can  thus  be 
great  differences  between  two  indicators,  and  it  becomes  important 
to  be  able  to  select  good  ones.  A  fair  clue  to  the  quality  of  an 
indicator  can  be  obtained  by  testing  it  for  friction  by  Reynolds's 

*  In  this  discussion  reference  will  be  made  to  only  the  Crosby  and  the 
Hopkinson  indicators.  This  does  not  mean  that  other  indicators  are  free 
from  the  faults  of  these ;  in  fact  it  is  the  author's  o]pinion  that  there  is  not 
a  mechanical  type  indicator  superior  to  the  Crosby  nor  an  optical  one  which, 
within  his  knowledge,  is  superior  to  the  Hopkinson. 
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static  method,  using  not  only  the  weak  spring  but  springs  of  all 
stiffnesses.     With  stiff  springs,  the  error  should  be  so  small  that 

Fig.  13. 
Diagram  showing  Effect  of  Friction  in  Spring  Supports  of  Hopkinson  Indicator. 
99-16 


DEFLECTION  OF  SFOT  OF  U«MT  OH  ScftEEhi 


0-5 


l-S 


2.     iwcrtco     2-5 


it  cannot  be  measured.     Doing  this  on  tlie  No.   2  Indicator,  the 
author  found  errors  of  the  same  order  of  largeness  as  those  found 
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kinetically ;  but  by  the  nature  of  the  case  the  measurement  is 
inaccurate.  On  the  other  hand  the  friction  measured  statically 
on  the  No.  1  Indicator  was  small  with  weak  springs  and 
unmeasurable  with  stiff  springs.  In  making  such  a  measurement 
as  this,  it  is  essential  that  there  should  be  no  play  in  the  joints 
of  the  pencil  gear  or  else  that  its  amount  should  be  separately 
determined  and  a  correction  made. 

The  irregularity  in  the  behaviour  of  indicators  is  very 
unsatisfactory ;  it  means  that,  in  any  accurate  work,  indicator 
diagrams  cannot  be  accepted  unless  accompanied  by  a  statement 
of  the  peculiar  behaviour  of  the  indicator  used  in  taking  them. 
With  regard  to  past  work,  it  would  be  necessary  if  its  results  are  to 
be  accepted  that  the  experimenter  should  get  back  to  his  original 
indicator  and  supplement  his  work  by  a  statement  of  its  errors. 
That  error  which  varies  with  the  pressure  and  which  is  due  to 
restraining  couples  is  the  most  troublesome ;  its  presence  can  only 
be  detected  by  some  such  method  as  that  used  in  these  experiments. 
The  difficulty  of  detecting  even  its  presence  is  no  reason  for 
believing  it  to  be  small.  It  is  probably  not  too  much  to  say  that 
the  indicated  horse-power  is  frequently  10  per  cent,  or  more  greater 
than  the  true  value.  The  author's  friend,  Dr.  W.  E.  Fisher,  has 
drawn  his  attention  to  an  engine-test  which  shows  the  presence  of 
errors  of  this  magnitude.  With  diagrams  of  the  ordinary  form  the 
effect  of  friction  is  to  increase  the  diagram,  and  when  this  friction 
increases  with  the  pressure,  the  increase  in  the  size  of  the  diagram 
will  be  greater  for  higher  initial  and  back  pressures  in  the  cylinder. 
This  effect  Dr.  Fisher  obtained  by  working  a  Willans  engine — 
(1)  condensing,  (2)  non-condensing;  maintaining  throughout  the 
same  brake  horse-power.  He  used  selected  indicators.  He  found 
an  increase  of  indicated  horse-power  between  the  two  cases  of  3 
per  cent,  using  Crosby  indicators  and  an  increase  of  4  *  6  per  cent, 
using  Mclnnes-Dobbie  indicators.  The  Mclnnes-Dobbie  indicators 
throughout  gave  much  larger  indicated  horse-powers  than  the  Crosby 
indicators ;  between  the  indicated  horse-power  (condensing)  as 
obtained  by  the  Crosby  indicators  and  the  indicated  horse-power  (non- 
condensing)  as  obtained  by  the  Mclnnes-Dobbie  indicator,  there  is  as 
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great  a  difference  as  10  per  cent.  If  to  this  be  added  the  percentage 
error  in  the  Crosby,  we  obtain  the  result  that  the  indicated  horse- 
power as  obtained  by  the  Mclnnes-Dobbie  indicator  is  greater  than 
the  true  horse-power  by  more  than  10  per  cent.  In  this  experiment 
the  assumption  is  made  that  the  mechanical  efficiency  of  the  engine 
is  constant  when  the  brake  horse-power  is  maintained  constant,  an 
assumption  which  there  is  much  reason  to  believe  is  true  or  very 
nearly  so. 

It  has  been  assumed  that  the  friction,  as  measured  from  the 
oscillation  diagrams,  is  the  same  as  that  in  the  indicator  when  the 
motion  is  that  of  the  ordinary  indicator  diagram.  This  requires 
justification.  It  has  already  been  pointed  out  in  the  analysis  of 
the  oscillation  diagram  that  the  friction  is  practically  independent 
of  the  velocity  ;  consequently  its  magnitude  is  equally  great  even 
when  drawing  a  constant-pressure  line.  It  is  generally  believed 
that  the  vibration  of  an  engine  is  sufficient  to  relieve  the  indicator 
of  all  solid  friction.  To  determine  whether  this  was  true,  an 
indicator  was  fitted  to  a  Belliss  high-speed  engine  and  a  weak 
spring  was  put  in  the  indicator.  The  drum  was  rotated  by  the 
indicator  gear.  The  indicator  cock  was  open  to  atmosphere 
throughout.  The  indicator  pencil  was  deflected  first  above  and 
then  below  the  atmospheric  line  as  in  the  Reynolds  static  friction 
test.  On  releasing  it  gently,  it  took  a  final  position  which  even 
after  many  revolutions  was  almost  as  far  distant  from  the 
atmospheric  line  as  it  would  have  been  if  it  had  not  been  subject 
to  any  vibration.  With  heavier  springs  the  possibility  of  relieving 
friction  by  vibration  is  still  less.  The  motion  of  the  piston  and 
pencil  gear  may  cause  additional  vibration.  But  such  was  present 
in  the  oscillation  experiments,  and  its  effect  is  therefore  included  in 
the  friction  as  obtained  from  them.  The  same  result  was  obtained 
on  the  Premier  gas-engine.  The  particular  Hopkinson  indicator 
which  was  tested  showed  errors  mucli  greater  than  the  Crosby. 
It  is  probable  that  its  errors  may  be  considerably  lessened  by  change 
in  the  nature  of  the  rubbing  surfaces  of  the  supports  and  spring, 
but  it  is  not  likely  to  be  iiltog(!th(;r  eliminated.  A  peculiarity  of 
this  method  of  support  is  that  there  is  a  range  corresponding  to 
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points  within  the  loop,  Fig.  13  (page  22),  throughout  which  there 
is  no  slipping  of  the  beam  in  its  supports.  Its  stiffness  as  a  spring 
is  under  these  conditions  greater,  and  consequently  its  periodic  time 
is  much  less  than  that  corresponding  to  slipping  in  the  supports. 
Probably  this  rapid  oscillation  is  the  secondary  oscillation  seen 
superimposed  on  the  main  oscillation  of  Fig.  12  (page  20).  That 
friction  was  negligibly  small  for  conditions  corresponding  to 
points  within  the  loop  was  evident,  small  oscillations  set  up  within 
this  range  being  very  slowly  damped. 

Experiments  to  determine  the  Periodic  Times  of  Oscillation  of  the 
Pencil. — For   these  experiments   the   drum   of   the   indicator   was 
insulated  and  a  spark  made  to  pass  at  timed  intervals  from  the 
pencil  point  through  the  paper  to  the  drum,  piercing  in  its  passage 
a  hole  in  the  paper.     The   pencil  was  set  in   oscillation  and  the 
drum  rotated  as  in  the  friction  experiments.     The  result  was  a 
diagram  the  same  as  previously  obtained  with  the  addition  of  the 
small   pierced   holes    caused    by  the  spark.     To  obtain  the  timed 
spark  a  commutator  driven  by  a  small  motor  was  put  into  the  low 
tension  circuit  of  an  induction  coil  and  the  trembler  of  the  coil  was 
put  out  of  action.     The  small  motor  was  a  3-phase  induction  one  ; 
in  these  experiments  its  slip  has  been  neglected.     The  frequency  of 
the  supply  was  known   accurately.     The  estimation  of   the  time 
interval  between  sparks  was  thus  fairly  accurate.     Much  greater 
errors  were  involved  in  the  variable  resistance  offered  by  the  paper 
to  the  passage  of  the  spark.     To  obtain  pierced  holes  in  the  paper, 
it  was  found  necessary  to  dry  it  carefully.     It  was  found  that,  due 
to  inequalities  in  the  paper,  the  spark    did   not  always  take  the 
shortest  path  between  the  pencil  point  and  the  drum,  the  spark 
hole  being  in  some  cases  almost  ^V-inch  from  the  pencil  line.     To 
eliminate  this  error  as  far  as  possible  a  judicious  choice  of  diagrams 
was  made  and  an  average  taken.     In  choosing  diagrams,  those  were 
selected  which  showed  that  the  sparks  had  passed  at  times  when 
the  pencil  was  moving  with  its  maximum  velocity  ;  this  minimized 
the  effect  of  the  error.     The  number  of  oscillations  or  fractions  of 
oscillations  occurring  between  two  or  three  spark  intervals  could 
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easily  be  measured  from  the  diagrams ;  a  simple  calculation  then 
gave  the  time  of  one  oscillation. 

The  results  which  were  obtained  are  given  in  Table  1,  which 
also  gives  the  calculated  values  of  the  equivalent  mass  M  and  the 
corresponding  calculated  periodic  times  of  oscillations  with  different 
springs.     {See  Appendix  II,  page  44.) 

TABLE  1. 

Periodic  Times  of  Oscillations  (Crosby  Indicator). 


Scale 

of 

Spring. 

Equivalent 

Mass 
at  Piston. 

Rate  of 

Spring. 

(Dyms.  per 

cm.) 

Periodic  Times. 

Percentage 

Excess  of 

Observed 

over 

Calculated. 

Calculated. 

Observed. 

20 

80 
160 
240 

Grammes. 
58-0 

58-7 

60-3 

61-0 

5-27  X  10« 
21-08  X  10« 
42-16  X  10« 
63-24  X  10« 

Second. 
0-021 

0-0105 

0-00752 

0-00618 

Second. 
0-0199 

0-0103 

0-00747 

0-0066 

Per  cent. 

-  2 

-i 
+  6-4 

The  last  column  gives  the  percentage  divergence  of  the 
experimental  result  from  the  calculated.  The  agreement  generally 
is  very  close,  considering  the  difficulties  of  measuring  so  very  small 
periods  of  time  and  the  errors  involved  in  the  assumptions  made 
in  obtaining  the  calculated  values.  There  is,  however,  a  noticeable 
progressive  lengthening  of  the  period  from  experiment  compared 
with  that  from  calculation,  in  advancing  from  ligliter  to  heavier 
springs.  This  is  not  satisfactorily  explained  by  any  of  the  causes 
of  error  mentioned  above.  Despite  these  variations,  the  calculated 
values  are  so  near  the  experimental  that  for  most  practical  cases 
it  will  be  sufficient  to  take  them  as  accurate. 

Other  Sources  of  Error  in  Pressure  Indication. — Mention  should, 
perhaps,  be   made   of   some  of   these.     They  are,  however,  better 
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known  than  errors  due  to  friction,  and  are  consequently  guarded 
against  by  all  careful  experimenters  : — 

(1)  Errors  due  to  water  in  the  indicator  or  in  its  connection 
with  the  cylinder.  The  effect  of  a  mass  of  water  on  the  indicator 
cannot  be  predicted ;  not  only  does  it  alter  the  shape  of  the 
diagram,  but  it  may  introduce  a  large  error  in  the  measurement 
of  mean  pressure,  particularly  in  high-speed  engines. 

(2)  The  connection  between  the  indicator  and  the  cylinder 
may  be  of  too  small  a  bore.  This  will  not  generally  introduce  any 
great  error,  except  in  cases  in  which  water  may  possibly  get  into 
it.  In  particular  cases  oscillations  of  the  steam  or  gas  may  be  set 
up  in  this  connecting  pipe.  This  is  more  common  in  gas-engine 
work  where  a  long  pipe  cannot  always  be  avoided,  and  where  the 
necessity  for  a  large  bore  is  not  so  evident  as  in  steam-engine 
work. 

(3)  The  scale  of  the  spring  may  not  be  known  with  accuracy. 
Springs  can  be  calibrated  accurately  at  room  temperatures  or  at 
212°  F.  Between  these  two  temperatures  there  is  a  difiference  in 
the  rate  of  2  to  3  per  cent.  In  steam-engine  work  no  appreciable 
error  is  involved  in  assuming  that  in  working  conditions  the 
temperature  of  the  springs,  if  internal  springs,  is  212°  F.  In 
gas-engine  work  no  such  assumption  can  be  accepted  as  accurate ; 
all  that  can  be  done  is  to  form  a  rough  estimate  of  the  probable 
working  temperature  of  the  spring  when  used  in  the  particular 
way  adopted. 

(4)  Slackness  in  any  of  the  joints  of  the  pencil  gear  or  in  the 
screw  of  the  piston-rod  is  a  more  serious  trouble  and  one  which  it 
is  extremely  difficult  to  avoid ;  in  fact  the  best  of  indicators  of  the 
mechanical  type  readily  develop  looseness  of  the  joints  when  used. 
For  accurate  work  this  slackness  must  be  taken  up  or  the  indicator 
rejected. 

(5)  Sampling  of  diagrams  has  scarcely  received  sufficient 
attention.  Without  proper  care,  large  errors  in  the  indicated 
power  may  be  introduced.  The  difficulty  is  greatest  w^here  the 
area  of  the  diagrams  is  subject  to  large  variation.  In  a  steam- 
engine  with  a  good  governor  sampling  is  comparatively  easy,  but  in 
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a  gas-engine  the  variation  in  diagrams  is  often  large,  particularly  if 
it  is  working  on  power-gas.  In  a  gas-engine  test  in  which  cards,  each 
of  three  working  cycles,  were  taken  every  five  minutes  throughout  an 
hour  (that  is,  thirty-six  diagrams  in  all),  a  difference  of  1  •  7  per 
cent,  was  found  between  the  average  of  all  the  diagrams  and  the 
average  of  the  first  thirty.  The  efi'ect  of  large  or  small  diagrams 
in  causing  such  a  divergence  becomes  less  as  the  total  number  of 
diagrams  increases.  In  the  particular  test  instanced,  in  which 
the  load  was  artificial  and  of  constant  amount,  the  maximum 
variation  of  one  of  the  sets  of  three  diagrams  from  the  mean  was 
about  8^-  per  cent.  In  one  instance  two  successive  sets  each  gave 
8J  per  cent,  above  the  mean.  Roughly,  these  occurring  together 
represent  an  excess  of  17  per  cent,  above  the  mean.  In  order  that 
two  such  diagrams  occurring  at  the  end  of  a  test  should  not  afi'ect 
the  final  result  by  more  than  ^  per  cent,  it  would  be  necessary  to 
take  thirty-four  sets  of  diagrams,  that  is,  almost  three  times  the 
number  actually  taken.  Mond  gas  was  used  in  the  test  and  the 
mixture  was'  weak ;  with  richer  mixtures  the  variations  are  not  so 
large.  In  a  test  giving  a  mean  pressure  of  92  lb.  per  square  inch 
the  greatest  variation  from  the  mean  of  any  one  set  of  diagrams  was 
5  per  cent.  In  order  that  two  such  sets  occurring  at  the  end  of  a 
test  should  not  afi'ect  the  results  by  more  than  ^  per  cent.,  twenty 
sets  of  diagrams  would  require  to  be  taken. 

(6)  In  measuring  the  area  of  the  diagrams  inaccuracies  may 
be  introduced.  The  usual  method  of  planimetering  each  diagram 
and  averaging  is  probably  most  accurate,  as  chance  errors  will 
average  out.  This  can  only  be  done  when  the  pressure-scale  of  the 
diagram  is  uniform,  a  condition  which  is  found  in  the  Crosby  but 
not  in  the  Ilopkinson  indicator. 

Mechanism  for  JRecording  Position  of  Engine-Pision. — In  tlie 
mechanical  type  of  indicator  the  drum  with  its  associated  parts 
records  the  position  of  the  piston.  In  the  optical  indicator  this  is 
done  by  that  part  of  the  mechanism  which  causes  the  crossways 
motion  of  the  spot  of  light.  The  motion  will  be  true  if  the 
indicator    paper  or  the  spot  of   light  moves    in    exact   accordance 
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with  the  motion  of  the  piston.  Errors  are  introduced  into  the 
motion  if  the  mechanism  is  subjected  to  variable  forces  and  if  it 
yields  under  these  forces.  The  forces  to  which  it  is  subjected  in 
the  case  of  the  drum  are:  (1)  that  of  the  drum-spring;  (2)  that 
due  to  inertia  of  the  moving  parts ;  (3)  that  of  frictional  resistance. 
In  the  case  of  the  optical  indicator  there  are  similar  forces,  but 
both  they  and  the  yielding  of  the  mechanism  can  in  general  be 
reduced  until  their  effect  is  negligible.  A  drum  must  have  a  cord 
or  flexible  wire,  yielding  of  which  cannot  be  avoided. 

Errors  are  often  introduced  by  faulty  design  of  the  indicator 
driving  mechanism.  These  are  external  to  the  indicator  and,  as 
they  are  well  understood,  they  will  not  be  discussed  here. 
Geometrical  errors  are  always  present  in  the  optical  indicator  when 
a  flat  screen  is  used,  but  by  careful  design  they  may  be  made 
negligibly  small. 

The  Inertia  of  the  Moving  Parts. — The  moment  of  inertia  about 
its  axis  of  rotation  of  the  Crosby  drum  with  its  paper  and  with  part 
of  the  drum-spring  and  cord  is  roughly  415  g.-cm^.  This  was  obtained 
partly  by  an  oscillation  experiment  on  the  drum  and  partly  by 
calculation.  For  convenience,  in  calculation  a  mass  of  110  grammes 
situated  on  the  surface  of  the  paper  may  be  taken  as  giving  the  same 
moment  of  inertia  about  the  axis  as  the  drum  and  its  associated 
parts.     This  may  be  called  the  equivalent  mass  of  the  drum. 

Stretching  of  the  Cord  or  Wire. — Any  cord  shows  considerable 
variation  of  length  under  varying  load,  even  when  precautions 
have  been  taken  to  stretch  the  cord  initially.  Fig.  14  (page  30)  shows 
the  result  of  a  test  on  a  4  feet  length  of  Crosby  cord,  which  had 
previously  been  stretched  by  hanging  a  weight  of  8^  lb.  to  it  for 
twenty-four  hours.  In  use  the  pull  on  the  cord  does  not  exceed 
half  this  amount  and  is  usually  much  less.  To  measure  the  stretch, 
the  indicator  was  put  in  place  on  the  engine  (this  was  done  for 
convenience  but  the  engine  was  at  rest  throughout).  The  drum 
axis  in  this  position  was  horizontal ;  the  cord  was  attached  to  the 
drum  in  the  usual  way,  and  its  lower  end  was  fastened  to  the  lever  of 
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the  indicator  gear,  which  was  vertically  under  the  indicator  and 
was  rigid.  Another  cord  was  attached  to  the  drum  and  hung  over 
its  other  side.     To  the  end  of  this  other  cord  weights  were  hung. 


1    r 


Fig.  14. 
Stretch  of  Indicator  Cord. 
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As  tlio  drum-spring  liad  previously  been  removed,  those  weights 
gave  a  measure  of  the  pull  on  the  string,  corrections  being  made 
for  the  friction  of  the  drum.  As  such  cord  is  not  perfectly  elastic, 
tlie    test   was  performed    with    increasing  and    diminishing   loads. 
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To  obtain  the  correction  for  friction,  both  cords  were  allowed  to 
hang  free  and  equal  weights  were  hung  to  each.  Additional 
weights  were  hung  to  one  cord  until  the  friction  was  just  overcome. 
This  gave  a  measure  of  the  force  required  to  overcome  friction  for 
a  load  on  the  drum  corresponding  to  the  weights  on  the  cords.  If 
the  indicator  had  not  been  perfectly  rigid  under  the  forces  applied 
to  it  in  measuring  the  stretch  of  the  cord,  a  correction  would  have 
to  be  applied  to  the  above  results.  No  appreciable  want  of  rigidity 
was  present,  for  no  effect  was  apparent  on  hanging  a  heavy  weight 
to  the  end  of  the  drum-spindle  or  by  taking  it  off. 

The  Frictional  Resistance  to  Motion  of  the  Drum  and  the  Rate 
of  the  Drum-Spring. — These  were  measured  statically  by  securing 
the  indicator  in  a  support  with  the  axis  of  its  drum  horizontal, 
hanging  weights  to  the  cord  and  marking  the  positions  of  the  drum 
for  each  weight  for  increasing  and  diminishing  loads.  The  spring 
was  found  to  have  a  rate  of  0*14  kg.  per  cm.  movement  of  the 
diagram,  and  the  friction  of  the  drum  was  found  on  an  average 
equal  to  0*17  kg.  The  friction  increased  with  the  load,  but  the 
variation  was  not  very  great.  0*17  kg.  corresponds  to  a  pull  on  the 
cord  of  about  1 J  kg.,  which  may  be  taken  as  the  pull  under  working 
conditions. 

Theory  of  Drum  Motion. — In  this  theory  it  will  be  assumed,  as  a 
first  approximation,  that  the  motion  of  the  drum  is  true,  in  order 
to  be  able  to  calculate  the  variation  of  pull  on  the  cord  due  to 
acceleration  of  the  moving  parts  ;  also,  in  the  first  instance,  the 
cord  will  be  assumed  to  be  perfectly  elastic,  its  rate  of  stretch  being 
0*357  cm.  per  kg.,  which  is  the  rate  corresponding  to  the  average 
pull. 

The  case  corresponding  to  the  experiments,  which  are  given 
later,  is  taken.  The  forces  which  exert  a  pull  on  the  cord  are : 
(1)  that  of  the  drum-spring ;  (2)  that  due  to  the  acceleration  of  the 
moving  parts ;  (3)  the  friction  of  the  drum.  The  mean  puU  on  the 
drum-spring  was  1  '47  kg.  and  its  rate  0*  14  kg.  per  cm.  Friction  of 
the  drum  =  0*17  kg.    The  forces  due  to  acceleration  are  obtained  by 
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c<alciilation  from  the  following  data :  revolutions  per  minute  of  engine 
=  540;  length  of  diagram  =  3*92  cm.  (1*54  inches);  equivalent 
mass  of  drum,  etc.,  at  surface  of  paper  =  110  g. ;  ratio  of  crank  to 
connecting-rod  =  I ;  the  speed  of  rotation  of  the  crank  is  assumed 
to  be  uniform.  As  the  calculation  is  similar  to  that  of  the  inertia 
forces  of  the  piston  and  piston-rod  in  the  determination  of  the 
turning  moment  exerted  at  the  crank,  it  will  not  be  given  here. 
These  forces  are  shown  graphically  in  the  diagram,  Fig.  15.  Rq^o 
is  the  resultant  of  the  inertia  forces  and  the  force  exerted  by  the 

Fig.  15. 
Diagram  of  Forces  on  Drum  Cord. 
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drum-spring  for  the  inward  motion  of  tlie  drum.  The  effect  of 
friction  is  to  reduce  the  pull  on  the  cord  by  an  amount  equal  to  the 
friction ;  the  resultant  pull  on  the  cord  for  inward  motion  of  the 
drum  is  therefore  R'S'.  For  outward  motion  the  pull  of  the  cord 
must  overcome  the  friction  as  well  as  give  the  drum  its  proper 
motion,  and  consequently  the  resultant  pull  on  it,  represented  in 
figure  by  S"ll",  is  greater  by  the  force  required  to  overcome  friction 
than  the  pull  for  a  frictionless  drum.  The  forces  therefore  required 
to  give  tli(!  drum  its  true  motion  are  represented  by  U'S'S"R". 
Under  tliese  forces,  however,  tlie  string  stretches,  introducing  an 
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error  into  the  motion,  and  so  to  some  extent  modifying  the  resultant 
pull  on  the  cord.  This  is  particularly  so  at  the  ends  of  the  diagram. 
There  can  be  no  sudden  transition  from  the  conditions  of  S'  to 
those  of  S",  or  from  those  of  R"  to  those  of  R' ;  instead,  some  such 
gradual  changes  as  are  shown  by  S'MIST  and  E,"KL  would  take 
place.  If  it  were  possible  for  the  drum  to  pause  actually  until  the 
tension  in  the  cord  rose  or  fell  to  that  theoretically  required  to 


Fig.  16. 

Drum  Errors  caused  by  yielding  of  the  Indicator  Cord. 
Coynparison  between  Theory  and  Experiment. 
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make  the  remainder  of  the  motion  true,  the  changes  in  pull  would 
be  represented  by  S'PN  and  E,"QL ;  but  the  conditions  required 
for  an  actual  pause  cannot  be  attained  since  the  pull  exerted  by  the 
string  is,  except  in  exceptional  cases,  in  excess  of  the  friction  of 
the  drum.  The  error  due  to  stretch  of  the  cord  for  the  cycle  of 
forces  R"KLS'MNR"  has  been  calculated,  and  is  plotted  in  Fig.  16. 
Throughout  the  cord  has  been  assumed  perfectly  elastic.  Actually 
it  has  an  inelastic  stretch  of  roughly  0*4  cm.  (see  Fig.  14,  page  30). 
This  will  cause  an  additional  lag  of  0  •  2  cm.  for  both  outward  and 
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inward  motion.     The  diagram  of  errors  therefore  becomes  ahcda, 
obtained  theoretically. 

Experimental    Determination   of    Drum-Motion   Errors. — As   the 
theoretical   estimation    of   the    error  can   be    made  without  much 
trouble,    it    becomes    of    value    to    know    whether   it   is   verified 
quantitatively  by  experiment.    To  this  end,  experiments  were  made 
on  a  Belliss  and  Morcom  high-speed  engine  at  540  r.p.m.     The 
method  of  passing  sparks  from  the  pencil  through  the  paper  to  the 
drum  at  definite  positions  of  the  piston  was  used.     This  method 
had  been  used    by  Dr.   Brightmore   in   his  experiments.     In  the 
author's  experiments  for  convenience  a  circular  commutator  was 
used  which  was  bolted  to  the  end  of  the  shaft.     A  brush  consisting 
of  a  single  strip  of  copper  pressed  against  the  commutator.     The 
commutator  had  three  brass  segments    on   its   circumference  and 
thus  three  breaks  occurred  in  each  revolution.     This  commutator 
served  to  make  and  break  the  current  of  an  induction  coil,  thus 
taking  the  place  of   the   trembler  which  was  put  out   of   action. 
Sparks  only  passed  at  the   break  of  the  current  in  the  primary, 
under  which  condition  the  lag  between  the  time  of  break  and  the 
passage  of  the  spark  is  so  very  small  that  it  may  generally  be 
neglected.     The  brush  could  be  adjusted  in  position  relative  to  a 
stationary  graduated  disk.     By  this  adjustment  a  spark  could   be 
timed  to  pass  and  so  pierce  the  indicator  paper  at  any  chosen  position 
of  the  crank.      In  these  experiments  the  brush  was  given  eight 
different  positions.    For  each  position  of  the  brush  there  were  three 
sparks.     In  all  twenty-four  points  were  investigated  corresponding 
to  each  15°  of  crank  motion.     To  find  the  true  positions  which  the 
drum  ought  to  have  occupied  at  the  passage  of  the  sparks,  a  sttitic 
experiment  was    made ;    this  was  necessary  as  the  indicator  gear 
did  not  give  a  motion  sufficiently  correct  to  enable  one  to  cjilculate 
the   true    positions.      In    the    static   experiment   the    engine    was 
successively  set  to  each  position  at   which    sparks   passed    in    the 
kinetic  experiments.     A  mark  for  each  position  was  made  on  the 
indicator  diagram   by  moving  the  j)cncil    l»y  liand.     Each  position 
was    approached     in     l)oth     directions    and    :l    iiuiaii     taken.      To 
eliminate  errors  due  to  stretch  of  ilie  cord,  the  cord  was  replaced 
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by  a  stranded  copper  wire.  The  difference  between  the  kinetic 
and  static  positions  of  the  drum  for  any  one  crank  position  gives 
the  error  in  the  drum  position.  In  Fig.  16  these  errors  have  been 
plotted  on  a  base  which  represents  proportion  of  stroke.  As  the 
ordinates  are  the  same  as  those  for  the  curve  of  errors  which  has 
already  been  plotted  on  Fig.  16,  the  two  results  can  readily  be- 
compared.  From  a  consideration  of  these,  it  appears  that  the  error 
found  experimentally  is  slightly  greater  than  that  predicted  by 
theory.  Also  oscillations  about  the  mean  position  appear  in  the 
experimental  results.  The  difference  to  some  extent  between  the 
experimentally  found  error  and  the  theoretical  may  be  due  to  errors 
in  measurement ;  the  difference  is  small  and  could  be  accounted 
for  partly  by  a  small  lag  of  the  spark  or  by  a  small  systematic 
error  in  setting  the  engine  to  the  correct  position  in  the  static 
experiments.  The  latter  is  more  probable  ;  the  brush  had  been  set 
to  that  position  at  which  it  was  just  leaving  the  commutator 
segment.  But  sparking  at  the  brush  was  apparent  in  the  kinetic 
experiment,  and,  consequently,  there  would  be  a  lag  in  the  time  of 
breaking  of  the  current.  This  lag  could  not  be  calculated  and  was 
therefore  neglected.  Another  possible  source  of  error  lay  in  the 
variable  nature  of  the  indicator  paper  ;  the  spark  did  not  always 
pass  directly  from  the  pencil  to  the  drum,  but  took  sometimes  a 
longer  path,  choosing  a  part  of  the  paper  which  offered  less  resistance. 
A  purely  chance  error  of  this  nature  could  only  be  eliminated  by 
taking  a  sufficient  number  of  diagrams  and  averaging  or  choosing 
that  position  which  was  repeated  oftenest.  The  latter  method  was 
used,  and  the  fact  that  a  fair  curve  can  be  drawn  through  the 
experimental  points  so  obtained  is  sufficient  to  warrant  one  in 
concluding  that  chance  variations  were  eliminated. 

The  theoretical  and  experimental  results  show  so  close  an 
agreement  that  it  may  be  taken  as  demonstrated  experimentally 
that  the  error  deduced  theoretically  with  the  assumptions  made  is 
very  near  the  average  actual  error,  but  that  there  are  in  addition 
secondary  oscillation  errors.  These  may,  in  certain  cases,  become 
very  large.  The  fact  that  the  cord  has  considerable  inelastic  stretch 
is  possibly  an  important  factor  in  damping  them. 

F  2 


36 


INDICATORS. 


Jan.  1913. 


In  order  to  obtain  errors  of  measurable  magnitude,  as  long  a 
cord  as  possible  was  used.  This  was  necessary  to  obtain  sufficient 
accuracy  to  check  the  theory.  The  theory,  however,  is  equally 
applicable  to  other  cases.  All  that  is  necessary  is  that  the  rate  of 
elastic  stretch  and  the  corresponding  inelastic  strain  of  the  drive 
should  be  known  and  their  values  substituted  for  the  particular  values 

Fig.  17. 
Etjws  in  Drum  Motion  when  Springs  are  introduced  into  Drive. 


in  these  experiments.  The  data  can  be  readily  obttiined  for  any 
particular  case  by  following  the  method  used  to  obtain  the  results 
of  Fig.  14  (page  30).  To  improve  the  accuracy  of  the  drum  motion, 
it  is  advisable  to  substitute  a  wire  for  the  string.  Necessity  conipcsls 
that  a  flexible  wire  be  used,  at  least  for  that  part  where  bending 
takes  place.  A  wire  of  stranded  copper  was  found  to  give  good 
results ;  it,  howcv^cr,  also  showed  a  small  amount  of  stretch  and 
of  inelastic  strain.    The  error  in  the  drum  motion  when  flexible  wire 
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was  used  was  investigated  experimentally ;  it  was  found  to  be  small, 
Fig.  17;  it  would  have  been  still  smaller  had  a  stiffer  and  less  elastic 
wire  been  used  in  the  straight  parts  of  the  length  of  the  drive.  In 
slow-speed  engines  inertia  becomes  less  important  and  long  diagrams 
become  possible,  with  consequent  diminution  in  the  percentage 
error.  Some  experiments  were  made  with  short  springs  in  the 
length  of  the  driving  wire.  The  results  are  of  interest  in  that  they 
show  the  presence  of  very  large  oscillations.  The  errors  in  the 
motion  were  of  course  very  [large,  but  there  was  nothing  in  the 
appearance  of  any  one  set  of  diagrams,  unless  they  were  compared 
with  another  set,  which  could  enable  one  to  detect  the  presence  of 
oscillations  or  errors  of  any  kind.  The'results  are  shown  in  Fig  17, 
the  ordinates  of  which  are  the  same  as  those  of  Fig.  16. 

Mechanism  of  the  HopJcinson  Optical  Indicator  for  recoi'ding  the 
Displacement  of  the  Engine-Piston. — The  errors  of  this  mechanism 
with  its  indicator-gear  as  fitted  on  the  Premier  research  gas-engine  * 
were  found  to  be  so  little  affected  by  large  variation  in  the  forces 
applied  to  it,  that  errors  in  it  caused  by  inertia  or  yielding  of  the 
indicator  gear  may  be  neglected.  The  very  large  weight  of  22^  lb. 
hung  to  the  end  of  the  indicator  lever  caused  a  deflection  of  the 
spot  of  light  of  less  than  y|-^-inch.  In  a  kinetic  experiment  a 
weight  of  3J  lb.  was  bolted  to  the  end  of  the  indicator  lever.  A 
diagramt  of  compression  followed  by  expansion  without  explosion 
was  taken  and  was  compared  with  one  taken  under  the  same 
conditions,  but  without  the  weight  on  the  lever.  As  weak  a  spring 
as  possible  was  used  but  no  difi'erence  could  be  detected  between 
the  two  diagrams.  The  "  displacement"  motion, [however,  was  not 
accurate.  Two  large  errors  in  the  optical  mechanism  which 
affected  the  accuracy  of  both  the  "pressure"  motion  and  the 
"  displacement  "  motion  were  found.  One  of  these  was  due  to  too 
large  angular  motions  of  the  beam  of  light.  The  other  was  more 
serious ;  it  was  caused  by  the  mirror  being  placed  too  far  from  the 
axis  of  rotation,  and  resulted  in  lines  of  constant  pressure  being 
more  open  at  one  end  of  the  plate  than  at  the  other.     The  pressure 

♦  Crosby-Hopkinson  Comparison  Tests.  Proceedings,  Inst.Mech.E.,  1909, 
page  785. 
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scale  was  therefore  different  for  diflerent  positions  on  the  plate. 
This,  coupled  with  the  fact  that  lines  of  constant  pressure  were  not 
straight  lines,  makes  correction  of  the  diagrams  from  this  particular 
indicator  too  tedious  to  be  worth  the  labour  involved,  even  if  it  had 
not  exhibited  the  defect  of  Fig.  13  (page  22). 


Tlie  Correction  of  the  Diagrams  of  Professor  Bur  stall's  Crosby - 
HojyJiinson  Comjparison  Tests. — As  the  results  of  Fig.  10  (page  18) 
were  obtained  from  the  particular  Crosby  indicator  and  spring  used 
by  Professor  Burstall,  these  results  are  applicable  to  the  correction 
of  his  Crosby  diagrams.  Mention  has  already  been  made  of  tests 
which  demonstrate  that  vibration  of  the  engine  is  ineffective  in 
relieving  the  indicator  of  its  friction  even  when  recording  a 
constant  pressure.  In  the  case  of  a  rising  or  falling  pressure, 
vibration  is  still  less  effective  and  its  reduction  of  the  friction 
becomes  negligible.  The  pencil  will  therefore  lag  behind  throughout 
expansion  and  compression  by  an  amount  proportional  to  the 
friction  shown  on  Fig.  10. 

The  correction  has  two  effects  :  (1)  it  reduces  the  mean  pressure ; 
(2)  it  alters  the  form  of  the  expansion  line. 

The  corrected  mean  pressures  have  been  worked  out  and  the 
errors  between  these  and  the  Crosby  and  Hopkinson  values  are 
stated  in  Table  2.  Roughly,  the  Hopkinson  indicated  mean  pressures 
are  6  per  cent,  too  high,  and  the  Crosby  indicated  mean  pressures 
3  per  cent,  too  high. 

TABLE   2. 
Errors  in  Mean  Pressures. 


Diagram 
Number. 

1 
2 
3 
4 

]\Iean  Pressure  by 

Crosby  Ind. 

Kg.  per  cm."''. 

Percentage  Errors  in  Mean  Pressures. 

Crosby. 

Hopkinson. 

5-375 
0-34 
0  00 
7-06 

3-4 
3-0 

2-9 
2-iJ 

0-2 

4-4 
0-2 
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The  comparison  tests  showed  very  clearly  a  difference  in  form 
of  the  two  expansion  lines.  Towards  the  beginning  of  expansion 
there  w^as  almost  coincidence  of  the  two  lines,  while  towards  the 
toe  of  the  diagrams  the  Hopkinson  indicator  in  every  case  showed 
a  higher  pressure  than  the  Crosby.  At  the  time  this  peculiarity 
was  not  explainable,  but  the  author  believes  that  a  satisfactory 
explanation  can  be  based  on  his  experiments.  There  are  errors  in 
both  indicators.  The  correction  of  the  expansion  line  of  the  Crosby 
diagram,  in  accordance  with  the  results  of  Fig.  10  (page  18),  lowers 
the  expansion  line  by  an  amount  which  is  comparatively  large  at  the 
beginning  of  expansion  and  becomes  small  towards  the  end.  The 
corrected  expansion  line  is  throughout  its  length  lower  than  that 
obtained  from  the  Hopkinson  indicator,  and  lower  by  an  almost 
constant  amount,  with  a  tendency  to  be  greater  at  the  higher 
pressures.  Although  the  author  had  not  access  to  the  particular 
Hopkinson  indicator  and  spring  used  in  the  comparison  tests,  yet 
the  nature  of  the  difference  between  the  two  expansion  lines  is  an 
indirect  proof  of  the  presence  in  that  indicator  of  an  error  of  the 
same  nature  as  that  found  in  the  Hopkinson  indicator  which  he 
did  investigate,  an  error  caused  by  friction  of  the  spring  in  its 
supports.  The  particular  indicator  used  in  the  comparison  tests 
was  one  lent  by  Professor  Hopkinson,  and  was  certainly  a  high- 
class  instrument  of  its  type.  It  was  undoubtedly  much  superior  in 
all  respects  to  the  one  which  the  author  tested ;  in  particular,  it 
was  free  from  the  optical  errors. 

No  correction  has  been  made  in  the  Crosby  diagrams  for  errors 
in  drum  motion.  With  the  care  which  was  taken  to  ensure  as 
accurate  a  drum-drive  as  possible,  these  were  certainly  very  small, 
and  as  the  diagrams  were  long  and  the  engine  speed  only  about 
160  r.p.m.  their  effect  may  be  neglected  without  affecting  the 
accuracy  of  the  above  deductions. 

The  author  believes  that  the  above  correction  eliminates 
indicator  errors  to  within  3:  of  1  per  cent.  With  such  a  degree  of 
accuracy  other  sources  of  error  become  important,  particularly  errors 
introduced  by  defective  sampling,  by  inability  to  measure  the  area  of 
the  diagrams  to  such  a  degree  of  accuracy.     Also  the  rate  of  the 
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spring,  since  its  temperature  is  not  known  accurately,  is  only  known 
approximately.     These  sources  of  error  have  already  been  discussed. 

The  method  of  calculating  the  correction  was  to  divide  the 
diagram  into  sixteen  parts  and  to  scale  off  the  pressures 
represented  by  the  mid-ordinates  of  each  of  these  parts  and  apply 
the  correction  to  these.  Going  down  the  expansion  line  sixteen 
values  of  the  pressures  are  obtained  ;  the  correction  for  each  is 
taken  from  Fig.  10,  and  the  average  found.  As  the  first  -^^  of 
the  stroke  is  roughly  a  period  during  which  the  pencil  is  in 
oscillation,  no  correction  has  been  applied  to  it.  If  oscillations  of 
the  pencil  occur  with  change  in  the  direction  of  motion  of  the 
pencil,  the  mean  line  drawn  through  the  oscillations  gives  an 
accurate  statement  of  the  pressure ;  if  there  is  an  oscillation,  but 
change  in  the  direction  of  motion  of  the  pencil  does  not  occur, 
as  is  sometimes  the  case  during  the  early  part  of  the  expansion 
stroke,  the  pencil  does  not  oscillate  about  the  true  position, 
but  lags  behind  an  amount  corresponding  to  the  friction  of 
Fig.  10.  For  these  reasons  the  correction  is  applied  to  all 
parts  of  the  stroke  except  the  combustion  period  of  the  outward 
stroke  (roughly  the  first  -^j^  of  stroke).  The  average  correction 
to  the  compression  Une  is  calculated  in  the  same  way,  but  here 
the  correction  is  applied  throughout  the  stroke.  The  sum  of 
the  two  gives  the  total  correction.  This  method  of  making  the 
correction  is  the  most  accurate,  as  inaccuracies  in  measuring  the 
pressure  ordinates  scarcely  afi'ect  the  final  result. 

Fig.  18  is  C  2  diagram  of  Professor  Burstall's  tests,  with  the 
corrected  diagram  added  for  comparison. 

The  Design  of  Indicators. — A  few  principles,  which  should  prove 
of  value  in  the  evolution  of  more  perfect  indicators,  are  deducible 
from  these  experiments  : — 

1 .  The  spring  must  be  held  securely  ;  there  must  be  no  variation 
in  the  nature  of  the  support  as  in  the  ]I()[)kinson  indicator. 

2.  Tlie  piston-rod,  or  whatever  tjikes  the  resultant  pusli  of  the 
piston,  must  be  accurately  in  tlie  axis  of  the  cylinder,  otherwise 
with  pressure  on  the  piston  a  constraining  couple  is  introduced. 
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Fig.  18. 

Correction  of  Mean  Diagram  of  Professor  BurstalUs  C  2  Trial 
(see  Proceedings,  1909,  page  790). 
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3.  The  resisting  force  of  the  spring  must  be  a  simple  force 
acting  along  a  line  coincident  with  the  axis  of  the  indicator  cylinder, 
and  this  must  be  true  for  all  pressures.  The  commonest  type  of 
spring  is  the  helical  spring.  If  it  be  compressed,  the  axis  of  its 
end  bosses  can  only  be  kept  coincident  with  the  axis  of  the  cylinder 
by  the  introduction  of  constraining  couples.  This  is  a  cause  of 
large  errors  in  indicators,  unless  a  double  coil  spring  be  used. 
In  the  double  coil  spring,  if  the  spring  is  uniform  no  couple  is 
introduced,  but  it  is  doubtful  whether  sufficient  uniformity  can  be 
attained. 

The  design  of  no  indicator  recognizes  sufficiently  the  necessity 
to  ensure  only  simple  axial  forces  throughout  the  whole  range  of 
motion  of  the  indicator  piston.  As  workmanship  can  never  be 
accepted  as  absolutely  accurate,  the  design  must  be  such  that  small 
inaccuracies  in  workmanship  do  not  introduce  large  constraining 
forces  and  consequent  large  errors.  Generally  this  will  be  secured  by 
leaving  the  system  as  free  as  possible,  and  in  particular  by  arranging 
that  no  unnecessary  restraint  is  put  upon  the  spring  or  the  piston. 

4.  Mechanical  linkwork  is,  as  has  been  pointed  out  by  Professor 
Hopkinson,  very  unsatisfactory.  Even  when  used  with  great  care 
and  with  pins  adjusted  as  well  as  possible,  looseness  in  the  joints 
cannot  be  avoided.  This  defect  fortunately  can  be  overcome  in 
the  optical  indicator. 

5.  The  periodic  time  of  an  oscillation  must  be  small  where 
rapidly  changing  pressures  have  to  be  recorded.  This  condition 
is  Ijest  satisfied  by  the  optical  indicator. 

6.  The  indicator  drum  is  unsatisfactory  for  accurate  work.  It 
requires  the  use  of  cord  or  flexible  wire  which  introduces  errors  in 
the  motion  recorded.  With  the  optical  indicator  this  source  of 
error  need  not  be  present. 

7.  On  high-speed  engines  the  optical  indicator  must  be  used, 
the  inertia  of  the  drum  and  pencil  levers  being  too  great ;  even  if 
diagrams  can  be  taken  that  is  no  proof  of  their  accuracy ;  in  fact, 
and  more  particularly  witli  regard  to  absence  of  oscillations  of  the 
pencil,  the  more  imperfect  indicjitors  will  give  the  smoothest  and 
apparently  best  diagrams. 
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8.  An  indicator  gear  for  an  optical  indicator  requires  in  some 
respects  special  care.  As  the  motion  at  the  end  of  the  indicator  lever 
is  very  small,  looseness  in  pins  must  be  avoided  ;  the  play  in  them 
may  be  a  considerable  fraction  of  the  whole  motion.  Also  when 
a  short  lever  is  used,  care  should  be  taken  to  avoid  any  slackness 
in  pins  which  could  result  in  a  change  in  the  effective  length  of 
the  lever. 

The  Paper  is  illustrated  by  18  Figs,  in  the  letterpress,  and  is 
accompanied  by  3  Appendixes  with  1  Fig. 


APPENDIX   I. 

Oscillations  Damped  by  Fokces  of  Constant  Amount. 

Let  OX  be  the  true  line  of  pressure,  Fig.  19  (page  44).     Let  the 

pencil  be  given  an  initial  deflection  OA  and  then  released.    The  pencil 

will  then  oscillate  about  its  true  position.    Let  the  motion  be  damped 

by  a  frictional  force  of  constant  amount  F  acting  on  the  piston. 

F  =  Oa  X  scale  of  spring  X  area  of  indicator  piston, 

in  which  0<x  =  Oh  =  indicated  friction ; 

area  of  indicator  piston  =  ^  sq.  in.  for  gas-engine  indicator. 

Consider  the  forces  acting  when  the  pencil  is  at  the  point  P. 

-r,                   ,     ,            .  ,        1             .             OP'  X  Scale  of  spring 
r  orce  exerted  on  piston  by  spring  =  j . 

Net  force  exerted  on  piston  =  — -  (OP'  — Oa). 

_  Scale  of  spring     -p, 
—  ^  air , 

that  is,  it  is  proportional  to  aP',  and  therefore  the  motion  is  simple 
harmonic  about  a  position  of  zero  force  represented  by  aa. 

At  B  the  centre  of  the  motion  changes  and  falls  on  the  line  hh. 

Since  aA  =  aB'  and  hB'  =  hC  and  Oa  =  Oh,  it  follows  that 

OA  -  OC  =  4  .  Oa  ; 

^         OA  -  OC 
.*.  Oa  =  , . 
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Friction  in  terms  of  pressiu^e  on  indicator  piston 
=  Oa  X  scale  of  spring. 

= J X  scale  of  spring. 

Similarly,  OC  -  OE'  =  4  .  Oa. 

Also  the  periodic  time  of  oscillation  is  constant,  and  consequently 
the  line  drawn  through  ACE  will  be  a  straight  line. 

Fig.  19. 

Diagram  of  Oscillations  damped  by  Forces  of 
Constant  Magnitude  opposing  the  Motion. 

p'  — -\  p 
I 

.}. , , ^ , , ^^, 

I 


APPENDIX   II. 


The  Calculation  of  the  Periodic  Time  of  an  Oscillation 

OF  THE  Pencil. 


In  motion  prol)lems,  when  dealing  with  many  parts  having 
different  motions,  it  is  customary,  for  simplicity,  to  substitute 
when  possible  an  equival(;nt  system  in  which  a  mass  concentrated 
at  a  chosen  point  has  the  ssime  oflcct  on  Ww.  motion  as  the 
distributed  mass  of  the  real  system.  Tliis  "  ('(piivjilent  mass" 
will  be  supposed  to  be  concentrated   at   the   piston ;    its   amount 
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may  be  found  in  various  ways.  One  convenient  way  is  to  calculate 
the  kinetic  energy  of  the  system  in  terms  of  a  chosen  piston  velocity, 
and  to  m.ake  the  equivalent  mass  of  such  amount  that  its  kinetic 
energy  equals  that  so  calculated.  The  equivalent  mass  of  the  real 
system  is  not  constant  for  difierent  positions  of  the  pencil,  but  is 
sufficiently  nearly  so  for  practical  purposes.  The  value  stated  below 
is  that  for  the  position  in  which  the  pencil  lever  is  perpendicular  to 
the  axis  of  the  indicator  cylinder.  The  calculation  gives  the  m.ass 
at  the  piston  equivalent  to  piston  and  pencil  gear  (Crosby  heavy 
pattern  type)  =  55*8  grm.  The  coils  of  the  spring  do  not  all  move 
with  the  same  velocity.  Their  combined  efi'ect  is  the  same  as  that 
of  a  mass  of  one-third  of  their  mass,  moving  with  and  having  the 
velocity  of  the  piston.     Table  3  gives  a  statement  of  the  equivalent 


mass. 


TABLE   3. 


Scale  of  spring  (gas  indicator)  . 

20 

80 

160 

240 

Equivalent  mass  of  spring  .     .     .    g. 

2-2 

2-9 

4-5 

5-2 

Equivalent  mass  of  piston  and  pencil) 
gear g./ 

55-8 

55-8 

55-8 

55-8 

Total  equivalent  mass    .     .      .      .    g. 

58-0 

58-7 

60-3 

61-0 

"With  a  knowledge  of  the  equivalent  mass,  it  is  simple  to  write 
down  the  equation  of  motion  of  the  pencil,  neglecting  friction  : 
Let  M  =  equivalent  mass  at  piston  (grammes). 
R  =  rate  of  spring  (dynes). 
q  =  ratio  of  pencil  travel  to  piston  travel. 
X  =  deflection  of  pencil  from  its  position  of  rest  (cm.). 
For  the  Crosby  indicator  ^  =  6. 

When  the  pencil  deflection  is  x,  the  spring  exerts  a  force  in 
excess  of  that  required  to  balance  the  pressure  on  the  piston 

=  R-. 
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The  resisting  inertia  force         =  M^  • 
therefore,  neglecting  friction, 

that  is,  M.X  =  -  Ra;, 

which  is  the  equation  of  a  simple  harmonic  motion,  the  periodic 

time  of  which  is 


^-^""^    '  (R)- 


From  this  equation  the  periodic  time  of  oscillation  can  be  calculated 
when  M,  R  and  q  are  known.  There  is  no  change  in  T  if  a  solid 
frictional  damping  force  is  introduced. 


APPENDIX   III. 

The  Theoretical  Correction  of  an  Indicator  Diagram. 

Let  M  =  equivalent  mass  at  piston. 

X  =  height  of  pencil  above  atmospheric  line. 

q  =  ratio  of  motion  of  pencil  to  motion  of  piston. 

R  =  rate  of  indicator  spring. 

p  =  true  pressure  in  indicator  cylinder. 

2ii  =  indicated  pressure. 

a  =  area  of  indicator  piston. 

F  =  force  required  at  piston  to  overcome  friction. 

The  equation  of  motion  of  the  pencil  will  be 

M^             Rx    ,  ,    „ 

--  = +  rm  ±  F, 

that  is,  -  ?^  4-  «  =  ^^  T  ^ 

aq    '  ■'^         a(2   ~^  a^ 

by  dividing  by  a^ 

that  is,  r>-r>,  =  ^^  +  ^, 

since  ?!?  —  -„, 

aq  ~^^" 

the  indicated  pressure. 

I)  —  Pi  is  the  error  in  the  indicated  pressure. 

p 

^  =  the   pressure   per  s(|.  in.   on   piston    recjiiired   to    overcome 
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friction.  Its  value  has  been  determined,  and  is  given  in  the  Paper 
to  which  this  is  an  Appendix. 

If  —    could  be  determined,  an  accurate   correction  could   be 

made.     Dr.  Meyer  of  Berlin  has  given  a  similar  equation  to  the 

above,  except  that  instead  of  the  term  —  he  has  one  Ki;,  making 

the  resistance  to  the  motion  proportional  to  the  velocity  (see 
discussion  of  the  nature  of  this  resistance  in  the  Paper).  Assuming 
the  dram  motion  of  his  indicators  accurate  and  the  rotation  of  the 
crank  uniform,  he  deduced  from  his  indicator  diagrams  the  variation 
of  X  with  time,  and  plotted  these  on  a  base  of  time.  This  curve 
he  differentiated  graphically,  obtaining  x  ;  a  second  graphical 
differentiation  gave  him  x.    M,  </,  and  a  were  known,  and  therefore 

Mai 
he  obtained  the  value  of  the  term  — ■.     To  obtain  more  accurately 

the  relation  of  x  to  time,  he  took,  besides  his  ordinary  diagrams, 
diagrams  in  which  the  drum  motion  was  90°  out  of  phase  with 
relation  to  its  true  position. 

Dr.  Meyer's  method,  however,  is  not  at  all  satisfactory.  A 
second  differential,  even  if  the  differentiation  is  accurate,  is  liable 
to  enormous  errors  resulting  from  small  errors  in  the  original 
diagram ;  but  besides  this  source  of  error  the  differentiation  by 
graphical  methods  is  very  far  from  accurate. 

When  oscillations  occur  they  are  generally  the  result  of  inertia, 
and  correction  is  necessary ;  but  rather  than  introduce  large  errors 
by  attempting  to  obtain  a  second  differential,  it  is  better  to  draw  a 
mean  smooth  curve  through  the  oscillations,  and,  accepting  this  as 
the  diagram  corrected  for  inertia,  make  a  further  correction  for 
friction.  This  second  correction  can  only  be  made  satisfactorily  for 
those  parts  of  the  diagram  throughout  which  the  pencil  is  either 
rising  or  falling.  Lines  of  constant  pressure  cannot  be  corrected. 
Fortunately  the  most  important  constant  pressure  line — the 
atmospheric  line — is  also  that  in  which  the  errors  are  least.  It 
will  be  all  the  more  accurate  if,  just  before  drawing  it,  the  pencil  is 
lifted  momentarily  off  the  paper. 
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Discussion. 

The  Presidext,  in  moving  a  hearty  vote  of  thanks  to  the 
author  for  his  Paper  which  embodied  the  result  of  such  valuable 
experiments,  said  that  every  engineer  looked  upon  the  indicator 
as  being  perhaps  the  most  important  instrument  he  had  to  use. 
The  history  of  the  indicator  was  really  the  history  of  the 
development  of  the  steam-engine.  What  the  stethoscope  was  to 
the  doctor,  the  indicator  was  to  the  engineer.  Engineers  were 
accustomed  to  imagine  that  an  indicator  was  infallible,  so  that  any 
information  which  could  be  adduced,  emphasizing  the  number  of 
errors  that  were  possible  in  the  use  of  the  indicator  and  in  the 
instrument  itself,  must  be  of  value  to  them,  because  they  were 
accustomed,  perhaps  wrongly,  to  accept  its  records  in  much  the 
same  manner  as  they  accepted  Bible  statements.  Every  engineer 
who  used  the  indicator  ought  to  know  that  it  was  not  an  infallible 
instrument.  The  instrument  itself  and  the  operator  were  both 
liable  to  error,  and  the  combined  errors  were  sometimes  very 
startling.  He  looked  forward  with  much  interest  to  a  good 
discussion  upon  the  subject. 

The  resolution  of  thanks  was  carried  with  acclamation. 

Professor  Bertram  Hopkinson,  in  opening  the  Discussion, 
thought  the  experimental  results  contained  in  the  Paper  would  be 
of  considerable  value  to  those  who  had  to  deal  with  indicators,  but 
he  thought  the  author  liad  carried  his  application  of  them  to  a 
degree  of  refinement  which  the  facts  did  not  entirely  warrant. 
He  referred,  and  applied  his  method  of  correction,  to  the 
comparison  tests  made  some  years  ago  between  the  Crosby 
indicator  which,  as  the  autlior  said,  was  a  first-rate  one  of  its 
kind,  and  an  indicator  designed  by  liimself  (Professor  Hopkinson), 
the  tests  being  carried  out  at  the  University  of  liirminghain,  under 
Professor  Burstall's  experienced  supervision,  lie  IjjuI  tlie  pleasure 
of  seeing  something  of  those  tests,  and   lie  was  glad  to  congratuhite 
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the  author,  who  was  closely  associated  with  them  and,  he  believed, 
was  largely  responsible  for  them,  on  the  very  great  care  with 
which  they  were  done.  The  agreement  between  the  results 
obtained  on  those  two  indicators  was  generally  regarded  at  the 
time  as  very  remarkable.  The  mean  pressures  recorded  by  the  two 
instruments  were  in  all  cases  the  same  within  3  per  cent.  In  order 
to  grasp  what  that  meant,  and  in  order  to  get  a  true  sense  of 
proportion  in  the  matter,  it  was  necessary  to  think  in  terms  of  the 
diagrams  themselves.  The  diagram  drawn  on  that  occasion  in 
the  case  of  the  Crosby  indicator  was,  he  thought,  about  1  inch 
maximum  height,  400  spring.  In  the  case  of  his  own  instrument 
the  scale  of  the  spring  was  rather  less,  giving  a  slightly  bigger 
diagram.  He  recently  found,  on  reference  to  Professor  Burstall's 
account  of  the  tests,  that  the  mean  pressures  recorded  in  four 
different  tests  were  in  such  close  agreement  that  the  differences 
between  them  were,  respectively,  measured  on  the  scale  of  the 
Crosby  diagram,  j^^^-inch,  YToo^-inch,  Y^^f^o-inch,  and  YTj^-inch. 
When  it  was  remembered  that  the  distance  between  two  pencil  lines 
was  being  measured,  and  further  that  a  second  measurement  had  to 
be  considered,  namely,  the  calibration,  and  that  the  whole  trial 
involved  four  measurements  of  that  kind,  two  for  the  pencil 
indicator  and  two  for  the  optical  indicator,  he  thought  the 
agreement  was  very  remarkable.  The  maximum  difference 
between  the  pressures  recorded  by  the  two  instruments  at  any 
point  in  those  four  sets  of  diagrams  was  represented  on  the 
diagram  by  16  mils.  He  believed  it  was  said  at  the  time — and 
he  thought  most  people  would  agree  with  the  remark — that  it 
would  be  rather  rash  to  try  to  apportion  between  the  two 
instruments  the  small  residual  errors.  As  a  matter  of  fact  he 
found  on  making  his  own  comparisons  of  the  diagrams  that  in 
some  cases  the  differences  were  the  other  way ;  so  that  he  thought 
it  was  not  possible  to  say  there  was  really  any  difference  which 
could  be  measured  on  the  diagram.  The  author  appUed  his 
method  of  correcting  the  Crosby  indicator  to  one  of  those 
diagrams ;  and  he  (Professor  Hopkinson)  found  that  the  greatest 
change  which  the  author  had  produced  in  the  position  of  the  line 
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(Professor  Bertram  Hopkinson.) 

by  the  correction  would  amount  to  yiQ-inch ;  while  the  change  in 
mean  pressure  was  ^T^^-inch.  The  author  said  further  on,  that 
by  his  method  of  correction  an  accuracy  of  ^  of  1  per  cent, 
could  be  obtained.  When  it  was  borne  in  mind  that  that 
represented  less  than  -g^Q-inch  on  the  diagram,  it  would  be 
appreciated  that  they  were  getting  down  to  very  small  quantities 
indeed.  The  author  said  quite  rightly  at  that  point  that  other 
errors  came  in,  but  Professor  Hopkinson  thought  that  remark 
might  equally  be  applied  to  the  larger  corrections  shown  in 
Fig.  18  (page  41). 

The  author  gave  on  page  22  the  results  of  a  test  which  he  made 
on  a  second  indicator  of  the  Hopkinson  pattern  supplied  by  Messrs. 
Dobbie  and  Mclnnes  to  the  University  of  Birmingham.  It  was 
unfortunate  that,  at  the  time  the  author  obtained  those  results,  he 
did  not  apply  to  Messrs.  Dobbie  and  Mclnnes  or  to  him  for  the 
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explanation  to  which  at  first  sight  he  was  clearly  entitled.  Had  he 
done  so,  he  would  have  learnt  that  in  that  test  he  had  considerably 
overloaded  his  springs  ;  that,  whereas  he  loaded  the  spring  up  to 
a  maximum  deflection  of  3  inches  on  the  screen,  for  ordinary 
reasonably  accurate  work  the  deflection  should  not  exceed 
2  inches,  and  that  for  more  precise  work  it  should  not  exceed 
1  inch  or  at  the  most  1 J  inches.  The  author  was  quite  right  in 
his  statement  that  there  was  in  that  instrument  a  certain  amount 
of  what  might  be  called  mechanical  hysteresis.  It  was  not  exactly 
friction,  because  it  had  different  results  at  different  parts  of  the 
scale.  There  was  a  difference  in  loading  up  and  unloading  one 
of  those  instruments,  but  if  the  deflection  was  kept  within  a 
reasonable  figure  it  came  down  to  quite  small  amounts.  The 
nature  of  this  hysteresis  would  be  understood  from  lig.  2). 
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The  spring  of  his  indicator  was  a  straight  bar  which  was 
supported  between  four  points  as  shown  in  the  Figure.  It  had  a 
certain  camber  before  it  was  put  into  the  instrument.  The  screws 
shown  were  screwed  down,  and  the  instrument  was,  or  ought  to  be, 
so  adjusted  that  the  spring  was  then  straight.  When  the  spring 
was  deflected,  there  was  obviously  a  tendency  to  draw  the  spring 
through  the  supports.  The  actual  movement  must  be  very  small ; 
he  did  not  think  it  could  exceed  j-^-Q^-inch,  but  there  was  a  certain 
tension  set  up  in  the  spring  in  that  way  due  to  the  frictional  pull 
on  the  two  ends  of  the  spring.  The  pull  gave  a  bending  moment 
at  the  centre,  and  its  direction  depended  on  the  way  the  spring  was 
moving.  It  was  obvious  that  the  moment  increased  rapidly  with 
the  amount  of  deflection,  because  both  the  force  and  its  lever-arm 
increased  in  proportion  to  the  deflection.  That  was  in  complete 
accord  with  the  tests  which  he  had  made  on  instruments  of  that 
type,  which  showed  that  when  the  deflection  was  so  large  as  in  the 
author's  experiment,  then  the  up  and  down  hysteresis  was  quite 
considerable,  and  it  was  greater,  as  the  author  showed,  for  large 
deflections  than  for  small  deflections.  It  disappeared  very  nearly 
when  the  deflection  of  the  spring  was  reduced  to  1^  inches. 

When  he  (Professor  Hopkinson)  received  a  copy  of  the  Paper, 
he  arranged  that  some  experiments  should  be  made  on  an  indicator 
which  he  happened  to  have.  This  instrument  was  supplied  by 
Messrs.  Dobbie  and  Mclnnes,  and  had  not  been  used  at  all ;  it  was 
just  in  the  state  in  which  they  sent  it  out.  He  made  calibration 
cards  for  that  indicator  by  loading  it  up  with  dead  weights,  and 
he  instructed  his  assistant  to  photograph  the  calibration ;  that  is, 
he  put  the  weights  on,  then  he  swept  the  spot  of  light  across  the 
screen ;  then  he  loaded  it  up  a  little  more,  drew  another  line  and 
so  on  up  to  the  maximum  deflection.  He  then  unloaded  it,  thus 
drawing  a  series  of  lines  on  the  plate  both  going  up  and  coming 
down.  The  results  which  he  obtained  with  the  indicator  just  as 
it  was  received  were  as  follows.  With  a  20  spring  giving,  with 
a  large  piston,  a  deflection  of  20  lb.  per  square  inch  for  1  inch 
loaded  up  to  give  a  maximum  deflection  of  2  inches,  the  maximum 
error  anywhere  in  the  calibration  diagram  was  about  0*02  of  an 
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inch.  There  was  perceptible  doubling  of  the  lines  corresponding 
to  the  bigger  loads  due  to  the  hysteresis  to  which  he  had  referred. 
The  distance  between  the  up  and  down  lines  for  the  same  load 
amounted  at  the  worst  place  to  about  0  •  04  lb.  per  square  inch,  or 
1  per  cent,  on  the  maximum  deflection.  The  maximum  error  at 
any  point  of  the  calibration  diagram  was  0*02  inch,  and  this 
included  not  only  the  hysteresis  but  also  the  optical  errors  to  which 
the  author  made  reference.  The  100  spring  loaded  to  IJ-inch 
maximum  deflection  gave  a  maximum  error  anywhere  on  the 
plate  of  y^\j-  inch,  that  is,  ^  of  1  per  cent.  The  indicator,  as 
he  had  previously  stated,  was  tested  just  as  it  was  received  from 
Messrs.  Dobbie  and  Mclnnes,  and  there  were  one  or  two  points 
in  the  adjustment  of  the  light  spring  which  called  for  some 
criticism,  which  he  would  in  due  course  communicate  to  the  makers. 
When  these  had  been  attended  to,  he  found  that  the  error  at  any 
point  of  the  plate  was  reduced  to  not  more  than  one-fifth  of  a 
pound  on  the  square  inch,  equivalent  to  yj^  inch.  That  he 
regarded  as  a  fairly  satisfactory  performance  for  an  instrument 
which  was  primarily  a  commercial  instrument  and  so  sent  out. 
He  had  used  the  instrument  for  purposes  other  than  ordinary 
commercial  testing,  and  when  he  had  done  so,  he  had  been  careful 
to  attend  to  the  points  which  the  author  had  mentioned. 

The  author  quite  rightly  said  that,  before  accepting  the  results 
of  any  scientific  work  done  with  indicators,  it  was  necessary  to  be 
sure  that  the  indicator  errors  were  properly  dealt  with.  In  his 
own  work  he  had  been  careful  to  limit  the  deflection  of  the  spring 
to  a  much  less  amount  than  he  had  stated,  and  that  in  effect  was 
done  in  the  comparison  tests  between  the  Crosby  and  the  Hopkinson 
instruments  at  Birmingham.  In  looking  recently  at  the  diagrams 
taken  in  those  tests  he  found  that  the  deflection  there  was  small, 
and  moreover  it  was  on  a  longer  camera  than  on  the  instrument 
referred  to  by  the  author,  and  therefore  corresponded  to  a  yet 
smaller  deflection  of  the  spring.  The  author's  method  of 
determining  the  friction  corrections  of  indicators  was,  he  thought, 
open  to  the  objection  that  it  did  not  sufficiently  nearly  reproduce 
the  conditions  which  actually  obtained  when  the  indicator  was  used 
on  an  engine. 
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The  author  said  that  he  found  from  his  experiments  that  the 
vibration  of  an  engine  had  very  little  effect  on  the  friction  of 
the  Crosby  indicator.  He  had  no  doubt  that  was  so,  but  he  did 
not  think  vibration  was  the  whole  point.  The  point  was  that, 
when  the  indicator  was  in  use,  constant  and  rapid  movement 
occurred  between  the  various  parts,  particularly  between  the 
piston  and  the  barrel,  and  that  gave  rise  to  a  friction  of  a  rather 
diflferent  type  from  that  which  the  author  there  investigated. 
There  was  in  fact  the  difference  between  what  might  be  called  the 
static  friction  and  dynamic  friction.  It  was  well  known  that  the 
friction  between  surfaces  in  rapid  relative  motion  was  much  less 
than  that  between  surfaces  which  were  relatively  at  rest.  This 
applied  in  even  greater  degree  to  the  author's  test  for  hysteresis  on 
the  Hopkinson  instrument.  Fig.  13  (page  22),  in  which  care  had  been 
taken  to  eliminate  all  motion  between  the  spring  and  its  supports, 
so  that  the  conditions  differed  entirely  from  those  obtaining  in  use. 
He  had  for  his  own  purposes  been  using  a  method  of  testing 
indicators  which  he  thought  was  not  open  to  that  objection,  and 
he  thought  the  Institution  might  perhaps  be  interested  to  hear 
something  about  that  method.  It  consisted  in  motoring  a  gas- 
engine  round  without  allowing  it  to  take  any  charge  of  gas,  so 
that  it  simply  compressed  and  expanded  charges  of  air,  without 
firing.  If  that  was  done  at  constant  speed  and  under  constant 
conditions,  an  absolutely  constant  diagram  was  obtained,  and  the 
indication  of  that  diagram  was  a  very  good  test  of  an  indicator, 
particularly  a  comparison  of  the  compression  and  expansion  lines. 
Those  lines  should  be  nearly  but  not  quite  coincident.  Any 
considerable  friction  would  result  in  the  compression  line  being 
lower  than  the  expansion  line ;  whereas,  in  fact,  owing  to  leakage 
and  loss  of  heat  the  expansion  line  was  a  little  lower  than  the 
compression  line.  In  order  to  determine  the  actual  pressures  at 
different  points  of  the  cycle,  an  independent  measurement  was 
required,  and  for  that  purpose  he  had  used  the  instrument  shown 
in  Fig.  21  (page  54). 

It  consisted  of  a  thin  diaphragm  -J^—- inch  thick  and  about 
2  or   3    inches   in    diameter,  which   was  exceedingly   sensitive   to 
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variations  of  pressure.  On  each  side  of  the  diaphragm  there  were 
stops  which  allowed  a  slight  freedom  of  movement,  but  not  enough 
to  overstrain  the  diaphragm.  One  side  of  it  was  in  communication 
with  the  engine ;  the  other  side  was  in  communication  with  a 
constant  source  of  pressure  which  could  be  measured  to  any- 
required  degree  of  accuracy  by  means  of  a  mercury  column  or  by 
a  carefully  calibrated  Bourdon  gauge.  On  one  side  there  was  a 
micrometer  screw  which  carried,  passing  through  it  and  insulated 
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from  it,  a  contact  point,  and  that  contact  point  was  brought  up 
by  the  screw  until  it  was  just  clear  of  the  diaphragm.  A  distance 
of  less  than  —3 —  inch  was  sufficient  clearance.  The  insulating 
point  was  connected  to  a  contact-maker  carried  on  the  valve-sliaft 
of  the  engine,  which  made  contact  at  a  definite  point  in  the  cycle. 
The  rest  of  the  instrument  was  connected  to  the  contact  through  a 
wire.  When  the  engine  was  working,  pressure  was  pumped  up 
on  one  hide   to  a   definite  value,  and    the  contact-maker  was   set 
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until  the  galvanometer  and  battery  just  showed  a  deflection, 
indicating  that  the  diaphragm  had  been  thrown  over  by  the  excess 
of  pressure  on  the  engine  side,  and  had  made  a  contact  at  that 
instant  with  the  contact  point.  The  apparatus  could  be  made  so 
sensitive  that  an  excess  pressure  of  2  inches  of  water  on  the  engine 
side  would  make  the  difference  between  contact  and  no  contact. 
It  was  easy  thus  to  measure  the  higher  pressures  at  each  point  of 
the  cycle  correct  to  within  about  half  a  centimetre  of  mercury, 
which  was  a  great  deal  more  accurate  than  any  indicator  could 
be.  At  the  lower  pressures  on  the  suction  and  exhaust  strokes 
still  closer  results  could  be  obtained,  and  the  whole  cycle  of 
pressure  could  thus  be  determined  with  a  very  high  degree  of 
accuracy.  He  had  subjected  the  indicator  that  he  had  used  for 
his  own  purposes  to  that  test,  and  would  show  one  or  two  diagrams 
which  had  been  checked  in  that  way. 

Fig.  22  showed  an  engine  running  at  118  revolutions  a  minute 
working  with  100  spring,  giving  a  deflection  at  the  top  of 
compression  of  1  inch.  It  was  a  small  4-cycle  gas-engine, 
about  7  inches  in  diameter.  He  ran  it  at  the  slow  speed  of 
118  revolutions  per  minute,  because  he  wished  to  make  sure  that 
what  he  was  testing  was  the  hysteresis  of  the  spring  and  not  the 
indicator  gear.  The  diagram  showed  quite  clearly  the  diflTerence 
between  the  compression  and  expansion  lines.  The  lower  line  was 
the  expansion  line  and  the  upper  line  the  compression  line,  as  one 
could  easily  prove  at  that  slow  speed  by  covering  up  one  line  on 
the  ground-glass  screen  with  a  bit  of  paper.  He  had  determined 
the  pressures  by  means  of  the  electrical  method,  and  the  error 
of  the  diagram  did  not  at  any  point  exceed  J  lb.  on  the  square 
inch. 

Fig.  23  showed  the  diagram  obtained  with  the  25  spring,  in 
which  the  maximum  error  was  about  J  lb.  per  square  inch.  It 
took  some  skill  and  knowledge  of  the  instrument  to  secure  such 
good  results,  but  he  thought  that  any  instrument  which  performed 
so  badly  as  to  give  errors  of  double  that  amount  ought  certainly 
to  be  rejected.  The  author  in  his  analysis  of  the  Burstall  and 
Hopkinson  diagram  referred  the  minute  difference  which  apparently 
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existed  between  those  two  diagrams  to  the  elastic  hysteresis.  He 
did  not  think  that  explanation  could  be  correct,  because  if  it  were, 
the  difference  between  the  two  ought  to  be  most  marked  at  the 
higher  pressures,  whereas  it  was  most  marked  at  the  lower 
pressures.  He  could  not  pretend  to  say  what  the  cause  of  the 
difference  between  the  two  diagrams  was,  but  he  did  not  think  it 
could  be  due  to  the  elastic  hysteresis  for  that  reason. 

He  desired  before  concluding  to  say  a  few  words  about 
indicators  generally.  There  were  now  in  existence  practically 
three  types  of  indicator.  First  of  all,  there  was  the  pencil  or 
mechanical  type,  which  for  ordinary  practical  use  at  speeds  not 
exceeding  about  200  revolutions  per  minute  was  undoubtedly  the 
best  instrument.     Secondly,  there  was  the  optical  instrument  with 
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a  piston  such  as  he  had  designed,  which  had  its  own  field  of 
usefulness,  different  from  that  of  the  pencil  indicator.  The  great 
advantage  of  the  optical  instrument  was  its  very  quick  period. 
The  natural  period  of  vibration  of  his  instrument  working  with 
a  400  spring  was  about  77^5-5  of  a  second,  rather  less,  if  anything, 
than  more.  Working  with  a  10  spring  the  period  was  still  not 
more  than  -jj^  of  a  second,  which  of  course  was  far  quicker  than 
could  Ijc  obtained  with  any  mechanical  magnification.  The  value 
of  that  feature  was  particularly  seen  when  it  was  desired  to 
indicate  high-speed  steam-engines  or  high-speed  gas-engines,  or 
when  attempts  were  made  to  determine  the  curve  followed  by 
the  pressure  after  the  exhaust  of  a  gas-engine,  when  the  drop  of 
pressure  was  extremely  rapid.     In  order  to  illustrate  that  point,  he 
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recently  had  one  or  two  diagrams  taken  from  a  small  high-speed 
Belliss  steam-engine  running  at  600  revolutions  a  minute.  On  the 
high-pressure  cylinders  the  Crosby  indicator,  or  the  Dobbie- 
Mclnnes,  or  any  good  pencil  indicator,  performed  fairly  well.  A 
stiff  spring  could  be  used,  and  the  period  |Was  fairly  low,  perhaps 
not  more  than  y^^  second.  But  on  the  low-pressure  cylinders  the 
difference  was  very  marked. 

Fig.  24  showed  a  diagram  taken  from  the  low-pressure  cylinder 
of  the  engine  by  a  Crosby  indicator,  a  good  instrument  with  a 
20  spring.  The  extraordinary  amount  of  oscillation  on  the 
expansion  line  in  that  case  was  shown  very  well  on  the  diagram. 
It  would  be  seen  that  there  were  about  two  complete  oscillations 
in  the  course  of  the  expansion.  Then  that  cylinder  was  indicated 
with  one  of  his  indicators,  with  nearly  the  same  strength  of  spring, 
and  the  result  was  as  follows.  Fig.  25.  For  work  of  this  kind  an 
instrument  of  that  type  was  very  useful.  Similar  results  were 
obtained  with  the  exhaust  from  a  gas-engine.  The  quick  drop 
of  pressure  following  release  caused  big  oscillations  on  the 
exhaust  line  given  by  a  pencil  indicator  with  light  spring  similar 
to  those  appearing  on  the  expansion  line  of  the  high-speed 
steam-engine.  With  the  optical  instrument,  these  oscillations 
disappeared  and  the  true  form  of  the  exhaust  line  was  obtained. 
At  low  speeds  and  with  stiff  springs,  his  impression  was  that  the 
optical  indicator,  when  carefully  used,  and  with  moderate  deflections, 
was  a  slightly,  but  not  much  more,  accurate  instrument  than  the 
pencil  indicator,  mainly,  he  believed,  because  in  the  pencil  indicator 
errors  occurred  which  did  not  take  place  in  the  optical  instrument 
in  the  horizontal  representation  of  the  movement  of  the  piston. 
In  the  Crosby  instrument  there  was  not  quite  enough  horizontal 
rigidity.  A  slight  horizontal  movement  of  the  pencil  might  always 
be  observed  relative  to  the  mass  of  the  instrument.  In  perfectly 
new  instruments  that  error  was  not  so  serious,  but  after  a  little 
wear  it  became  very  serious,  as  anyone  who  had  used  the 
instrument  much  must  know. 

There  was  one  other  type  of  indicator  which  was  not  referred  to 
by  the  author,  namely,  the  diaphragm  indicator.     Subject  to  one 
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point  to  which  he  would  refer  in  a  moment,  and  with  regard 
to  which  he  felt  some  doubt,  he  thought  that  the  diaphragm 
instrument  was  at  the  present  time  the  most  accurate  indicator 
that  could  be  found.  It  had  an  extremely  high  period,  considerably- 
higher  than  his  own ;  it  had  the  great  advantage  that  there  was  no 
leakage,  and  in  many  respects,  as  developed  by  Professor  Callendar 
and  by  Dr.  Watson,  to  whom  its  improvement  was  mainly  due,  it 
w^as  an  instrument  of  great  accuracy.  The  only  point  about  which 
he  thought  there  was  still  some  doubt  was  the  effect  of  temperature 
on  the  diaphragm.  The  diaphragm  was  very  thin ;  it  was 
necessarily  in  contact  with  the  hot  gases,  and  he  did  not  think 
anyone  knew  precisely  what  temperature  changes  it  was  subjected 
to  when  used  on  the  gas-engine.  He  was  privileged  to  hear  from 
Professor  Burstall  when  he  was  in  Birmingham  recently  the 
methods  that  he  had  been  adopting  lately  in  order,  if  possible,  to 
ensure  that  there  should  be  no  such  temperature  changes.  He 
thought  they  promised  well,  and  if  he  was  successful  he  thought 
the  last  objection  to  the  diaphragm  indicator  as  an  instrument  of 
precision  would  have  been  removed. 

Mr.  W.  A.  TooKEY  said  that  Professor  Hopkinson  in  his 
remarks  (page  48)  had,  naturally,  dealt  almost  entirely  with  the 
optical  indicator,  but  he  thought  most  of  those  present  had  a  larger 
experience  of,  and  wished  to  know  more  about,  the  pencil  indicator. 
They  wished  to  know  not  only  its  use  in  scientific  work,  but  also  its 
limitations  for  the  practical  work  in  which  engineers  had  to  rely 
upon  it  from  day  to  day.  Only  those  who  had  indicators  in  their 
hands  practically  every  day  could  realize  how  much  room  for 
improvement  there  was  yet  in  an  indicator,  before  the  cards  that 
it  gave  could  be  accepted  as  being  scientifically  accurate.  He 
thought  it  was  only  fair  to  the  makers  of  indicators  to  say  that 
they  had  to  obtain  as  accurate  a  result  as  possible  with  an 
instrument  that  would  stand  up  to  hard  wear,  and  those  two  things 
were  not  necessarily  compatible ;  indeed,  makers  of  indicators,  as 
all  engineers  had  to  do  in  their  particular  designs,  had  to  effect  a 
compromise  between  extreme  Jiccuracy  and  sufficient  durability. 
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The   author   had   referred   to   the   question  of   the  mechanical 
efficiency  of  engines,  which  was  one  of  the  greatest  fields  in  which 
there  was  a  use   for  indicators.     He  disagreed  with  the  common 
practice  that  engineers  followed,  of  referring  solely  to  mechanical 
efficiency  as  a  percentage  of  B.H.P.  to  I.H.P.,  and  not  taking  into 
account  the  figures  that  that  ratio  represented.     Anybody  who  took 
the  trouble  to  compare  the  test  results  obtained  by  experimenters — 
of  great  ability  and  undoubted  scientific  attainments — would  find 
very   frequently   that   the  difference   between   the   indicated   and 
brake  horse-power  of   an   engine  varied  at  difierent  outputs  in  a 
very   remarkable   manner.       At    overload    almost    invariably   the 
difference  between  B.H.P.  and  I.H.P.  was  a  lesser  amount  than 
at  full  load.     One  would  hardly  think  that  that  could  possibly  be, 
but   such    variations    did,   in    fact,    exist    according   to   published 
records  of  tests.     He  thought  that  the  cause  of   the   unexpected 
variations  was  due  to   irregular  working  of    the   indicator  rather 
than  to  varying  frictional  resistances  of  the  engine.     During  the 
present  week  he  had  been  in  Manchester,  testing  some  high-speed 
gas-engines  working  at  450  revolutions  per  minute.      They  w^ere 
new  engines  just  started  up,  and   it  would  naturally  be  thought 
that  the  mechanical  efficiency  of  those  engines  would  be  not  quite 
so  good  as  it  would  be  after  they  had  been  running  for  some  time, 
and  that  was  found  to  be  the  case.     During  the  first  hour's  test  at 
fuU   load   a   difference   between   I.H.P.  and    B.H.P.  of,  in  round 
figures,    20   h.p.    was   obtained.      As    the   5   hours'   full-load   test 
proceeded  the  figure  gradually  dropped  to   19,  and  at  the  end  of 
the    5    hours   it   reached    18.       But    the   peculiar   feature   of   this 
particular  test  was  that  the  overload  did  not  increase  the  frictional 
h.p. ;  as  a  matter  of  fact  it  kept  the  same  ;  while  at  three-quarters 
load   the   frictional   h.p.  was  15,  and  at  half   load  it  went  up  to 
20.     He,  therefore,  wished  to  emphasize  the  importance  of  taking 
the  figures  of  frictional  h.p.  into  account,  because  they  must  not, 
as    engineers,    accept    indicator    diagrams    blindly   as   accurately 
determining  the  mechanical  efficiency.     The  mechanical  efficiency, 

■p    TT    "p 

stated  in  terms  of    J'',  should  always  be  checked  by  reference 
to  the  frictional  h.p.  that  those  figures  represented,  and  if  greatly 
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varying   results  were    noted,  it  was   an   almost  certain  indication 
that  the  indicator  needed  attention. 

There  was  one  thing  apart  from  the  mechanism  of  the  indicator 
that  the  author  had  merely  mentioned  in  passing,  but  which  also 
affected  engineers  in  practice,  to  which  he  would  like  to  refer,  and 
that  was  the  inaccuracies  due  to  the  fitting  up  or  to  the  design 
of  the  reducing  gear.  He  had  recently  been  making  a  test  of  an 
oil-engine  in  which  he  had  to  rely  upon  other  people's  instruments, 
and  he  therefore  went  through  the  usual  method  of  checking  the 
instruments  and  gear  before  the  test  was  started.  He  found  that 
the  reducing  gear  as  provided  and  set  up  by  the  makers  gave  a 
diagram  representing  a  mean  pressure  of  46  lb.  per  square  inch  at 
the  particular  load  at  which  the  engine  was  working.  Allowing 
only  a  sufficient  space  of  time  in  which  to  change  the  indicator 
card,  he  took  another  diagram  with  a  different  sort  of  reducing 
gear  which  he  knew  to  be  more  correct,  and  the  mean  pressure  was 
shown  to  be  56  lb.  per  square  inch.  It  would  at  once  be  seen  that 
the  proper  fitting-up  and  design  of  a  redudng  gear  was  an  important 
point  that  engineers  must  bear  in  mind.  He  would  like  to  re-echo 
Professor  Hopkinson's  remarks  by  saying  that  one  practical  method 
by  means  of  which  an  indicator  could  be  checked  for  the  purpose  of 
knowing  whether  it  was  working  indifferently,  badly,  or  well,  was 
to  take  the  compression  lines  and  expansion  lines  as  recorded  when 
no  explosion  was  permitted  to  occur,  as  had  been  described,  and  if 
these  curves  were  in  fairly  close  agreement,  the  expansion  line 
being  just  below  the  compression  line  without  looping,  then  the 
tests  might  be  proceeded  with,  in  the  certainty  that  the  indicator 
was  within  the  limits  of  practical  commercial  errors. 

The  author  had  stated  that  certain  differences  varied  with  the 
strength  of  the  spring.  The  author  had  spoken  of  the  "  strength  " 
of  the  spring,  but  the  point  must  be  borne  in  mind  that  the 
relative  stiffness  of  a  spring  varied  with  its  ratio  to  the  diameter 
of  the  piston  in  the  indicator  which  one  happened  to  be  using. 
For  instance,  with  an  indicator  having  a  small  piston,  400  lb.  of 
pressure  per  inch  of  diagram  height  might  be  obtained,  whereas 
with  a  piston  of  double  the  area  it  would  be  200  lb.     Nevertheless, 
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the  investigator  would  be  using  the  same  stiffness  of  spring.  He 
would  like  to  ask  the  author,  whether  the  same  figures  for  correction 
that  he  had  given  applied  to  a  particular  spring  irrespective  of 
piston  diameter. 

Mr.  Stewart  said  that  he  had  conducted  all  his  experiments  on 
a  gas-engine  indicator  which  had  a  piston  half  the  area  of  the 
usual  one.  Consequently,  his  figures  in  most  cases  would  be  twice 
the  error  that  was  obtained  in  the  other  cases. 

Mr.  TooKEY  said  it  would  be  interesting  to  judge  between 
spring  and  spring,  and  for  that  purpose  perhaps  the  author  would 
state  the  sectional  area  of  his  springs.  For  instance,  taking  a  200 
or  a  300  spring,  whichever  was  being  used,  it  would  be  of  value  to 
know  the  sectional  area  of  the  wire  of  which  the  springs  were 
made. 

Mr.  Stewart  said  the  springs  were  the  usual  Crosby  springs. 

Mr.  TooKEY,  continuing,  said  he  was  very  much  struck  by  the 
reference  made  in  the  Paper  to  the  high  increase  given  by  the 
Dobbie-Mclnnes  indicators  in  the  test  that  was  mentioned  by 
the  author  as  being  the  experience  of  a  friend  of  his.  Dr.  Fisher, 
on  the  Willans  engine.  The  author's  remarks  on  that  point  were 
very  sweeping,  and  he  did  not  know  whether  the  members  could 
accept,  without  further  consideration,  what  appeared  to  be  the 
lesson  of  that  paragraph,  namely,  that  the  Dobbie-Mclnnes 
indicator  was  always  supposed  to  be  faster  than  any  other  indicator 
of  similar  type.  He  found  in  going  about  through  the  country 
that  Dobbie-Mclnnes'  instruments  were  used  by  the  majority  of 
makers  of  engines  nowadays,  but  that,  of  course,  did  not  prove 
either  that  they  were  good,  bad,  or  indifferent.  It  probably 
proved  that  they  stood  up  to  their  work,  and  he  could  speak  to 
that  from  practical  experience.  He  possessed  five  indicators  made 
by  Messrs.  Dobbie  and  Mclnnes  that  he  had  had  in  almost  daily  use 
during  the  last  two  years,  and  with  which  he  had  made  over  600 
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tests,  a  fairly  severe  ordeal;  and  yet  almost  without  exception 
those  indicators,  simply  with  ordinary  attention,  were  doing 
equally  as  good  work  to-day  as  they  did  when  they  were  new. 
Testing  each  instrument  against  another  instrument  and  each 
spring  against  another  spring,  he  had  nothing  to  complain  of  in 
the  working  of  the  Dobbie-Mclnnes  instrument.  The  author 
stated  that  he  did  not  mention  other  instruments,  but  that  he  did 
not  think  they  were  quite  so  good.  The  author  might  have  put 
that  statement  in  another  way,  namely,  that  the  other  instruments 
which  were  not  mentioned  might  be  equaUy  as  good  as  the  Crosby 
indicator  which  he  had  tested. 

Dr.  William  Watson  (Royal  College  of  Science)  said  that  he 
did  not  come  prepared  to  join  in  the  discussion,  as  he  had  attended 
the  Meeting  simply  as  a  learner.  He  had  unfortunately  only  had 
experience  of  one  type  of  indicator,  namely,  that  mentioned  by 
Professor  Hopkinson,  the  diaphragm  type,  so  that  he  did  not  feel 
competent  to  discuss  the  points  which  the  author  had  raised.  He 
would  like,  however,  to  point  out  that  the  diaphragm  indicator 
was  subject  to  errors  of  the  same  type  and  difficulties  in  its  design 
and  use,  which  resembled  very  much  those  which  the  author  had 
found  with  other  types  of  indicators.  In  the  first  place,  the  form 
of  the  diaphragm  played  rather  an  important  part.  In  the  old 
forms  of  diaphragm  indicators  the  diaphragm  was  a  plain  disk, 
the  diaphragm  being  heavily  clamped  at  the  edges.  In  use, 
however,  it  was  found  that  the  diaphragm  was  very  apt  to  slide 
in  the  clamps,  and  hence  there  was  a  hysteresis  efi'ect  on  this 
account.  Further,  a  diaphragm  of  that  type  was  inconvenient  in 
the  fact  that  the  pressure  scale  varied  very  rapidly  with  the 
deflection,  the  result  being  that  in  determining  the  area  of  the 
indicator  diagram  it  was  impossible  to  use  a  planimeter.  Although 
scaling  diagrams  by  measuring  the  ordinates  in  the  case  of  a  steam- 
engine  indicator  was  not  a  very  laborious  process,  in  the  case  of 
a  gas-engine  indicator  diagram,  or  a j  petrol-engine  diagram  where 
the  diagram  was  very  peaked,  it  was  a  very  laborious  process 
because  at  least  24  ordinates  had  to  be  measured.     That  difficulty 
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he  had  succeeded  in  overcoming  to  a  certain  extent  by  using  a 
diaphragm  containing  corrugations,  and  he  thought  in  that  way  he 
had  overcome  the  clamping  difficulty. 

Another  difficulty  which  he  met  with  in  the  design  of  the 
indicators,  due  almost  entirely  to  the  high  pressures  with  which 
one  was  dealing  and  the  suddenness  with  which  they  were 
produced — pressures  of  between  300  and  400  lb.  to  the  square 
inch — was  deformation  in  the  general  base  of  the  whole  instrument. 
He  originally  spent  some  three  months  hunting  about  for  hysteresis 
effects  similar  to  those  which  the  author  had  been  mentioning, 
examining  first,  the  clamping  of  the  disk,  and  then  the  magnification 
methods  which  were  employed,  and  finally  found  that  it  was  due  to 
hysteresis  in  the  gun-metal  casting  which  formed  the  basis  of  the 
instrument.  Apparently  it  seemed  amply  strong,  but  it  would 
slightly  give,  and  gun-metal  had  a  very  great  hysteresis.  He 
would  not  be  at  all  surprised  if,  in  the  particular  Hopkinson 
indicator  that  the  author  had  tested,  he  did  not  find  that  some 
of  the  hysteresis  was  really  due  to  bending  of  the  supports  which 
formed  the  clamps  of  the  spring.  That  was  his  own  experience  of 
effects  which  might  be  obtained  in  that  way.  He  would  like  to 
know  Professor  Hopkinson's  reason  for  adopting  that  particular 
form  of  clamp.  He  thought  it  would  be  possible  to  have  the  spring 
held  with,  as  they  would  say  in  physics,  fewer  restraints.  It 
seemed  to  him  that  Professor  Hopkinson  had  a  redundant  point  of 
restraint  in  his  indicator,  and,  owing  to  it,  frictional  force  was  apt 
to  be  obtained. 

Mr.  H.  WiLMOT  Spencer  (Crosby  Steam  Gage  and  Valve 
Company)  said  it  seemed  to  him  that  the  Paper  went  further 
than  some  of  the  Papers  that  had  been  written  on  the  subject, 
and  should  prove  to  be  the  most  valuable  addition  to  indicator 
literature  that  engineers  had  had  for  some  time.  It  went  further, 
in  this  way,  that  instead  of  stopping  at  criticism  it  went  on 
to  suggest  lines  on  which  the  pencil  lever  indicator  might  be 
improved ;  in  fact,  this  applied  to  both  types  of  indicator.  He 
had  no  doubt  those   points  would   receive   attention ;    in  fact,  he 
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knew  that  at  the  present  moment  a  copy  of  the  Paper  was  in  the 
hands  of  the  engineering  staff  of  the  Crosby  Company  at  the  Works. 
The  points  that  had  been  raised  with  regard  to  oscillation  and  so 
forth  were  of  great  value  to  the  manufacturers,  in  determining 
what  might  be  done  to  give  better  results  than  had  been  obtained 
up  to  the  present. 

There  was  one  point  he  desired  to  make  clear,  namely,  that  the 
indicator  which  Professor  Burstall  used  was  in  no  sense  a  special 
instrument;  it  was  drawn  from  the  ordinary  stock.  Professor 
Burstall  kindly  gave  his  Company  the  opportunity  of  supplying  a 
special  instrument ;  but  on  the  matter  being  gone  into  at  the  works 
it  was  thought  it  would  be  better  and  more  useful  to  engineers 
generally  in  comparing  the  results  that  might  be  obtained,  if  an 
ordinary  instrument  were  used.  He  was  therefore  at  a  loss  to 
understand  the  dijfference  that  the  author  reported  in  the 
performance  of  indicators  1  and  2.  It  would  be  interesting  to 
know  how  long  the  No.  2  instrument  had  been  used,  because  the 
No.  1  instrument  was  new  from  stock  for  the  tests. 

Mr.  Stewart  said  that  No.  2  instrument  had  scarcely  been  used 
at  all — not  more  than  once  or  twice.  It  was  really  kept  for  work 
on  the  Diesel  engine,  and  a  very  small  amount  of  work  had  been 
done  with  it. 

Mr.  Spencer  understood  that  the  No.  1  instrument  had  actually 
done  more  work  than  the  No.  2  instrument  at  the  time. 

Mr.  Stewart  replied  in  the  affirmative. 

Mr.  Spencer  thought  that  that  fact  might  possibly  account  for 
the  smaller  friction  results  obtained. 

Mr.  Stewart  replied  that  he  did  not  think  that  was  the  case. 

Mr.  Spencer  said  tliat  with  regard  to  the  question  of  errors 
arising  from  the  drum  spring   and   from   the   cord  stretching,  an 
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apparatus  had  recently  been  introduced  which  contained  a 
continuous  drum  with  mechanism  devised  for  the  purpose  of 
revolving  the  drum  and  taking  continuous  diagrams,  and  the 
drum  was  not  operated  in  either  direction  by  a  spring ;  it  was 
direct  driven.  That  would  no  doubt  eliminate  the  spring  troubles, 
or  some  of  them,  although  he  supposed  the  friction  would  probably 
be  no  less  than  at  present.  The  drum  required  a  special  reducing 
motion ;  consequently  there  would  be  a  solid  connecting-rod 
connected  to  the  engine  which  would  overcome  the  difficulties 
of  cord  stretch. 

An  interesting  point  was  raised  with  reference  to  the  placing 
of  the  ball  on  the  spring  (page  21).  The  method  employed  at 
present  should  be  accurate,  but  it  apparently  left  something  to  be 
desired.  The  ball  was  fixed  by  pressure  on  to  a  length  of  wire ; 
that  was  centred  in  a  machine  and  then  mechanically  wound  round 
a  mandril.  Evidently  something  should  be  done  to  get  the  balls 
more  central,  and  no  doubt  that  point  would  be  corrected.  He 
thought  that  was  an  error  of  which  nobody  concerned  in  the 
manufacture  had  any  suspicion,  because  the  apparatus  was  most 
beautifully  devised  for  doing  the  work,  and  it  looked  as  if  it  ought 
to  do  it  in  a  perfectly  satisfactory  manner. 

He  would  like  to  ask  the  author  if  he  had  had  occasion  to  take 
any  figures  or  make  any  real  estimation  on  the  question  of  piston 
leakage.  That  was  a  subject  which  loomed  very  large  in  the  minds 
of  some  engineers,  perhaps  more  particularly  on  the  Continent; 
new  indicators  were  frequently  questioned  from  the  point  of  view 
of  the  amount  of  piston  leakage.  Their  theory  always  had  been 
that  as  long  as  the  area  of  the  piston  was  correct  and  the  indicator 
in  good  working  condition,  that  is,  as  far  as  the  piston  and  cylinder 
were  concerned,  any  leakage  there  might  be  past  the  piston  did 
not  materially  afi'ect  the  pressure  acting  underneath  it.  By  good 
working  conditions,  he  meant  as  far  as  the  piston  and  cylinder 
were  concerned — that  with  the  indicator  cylinder  free  from  oil  and 
water,  on  the  piston  being  raised  by  means  of  the  pencil  lever  it 
would  drop  freely  by  its  own  weight.  But  on  closing  up  the  base 
of  the  cylinder,  the  piston  having  been  previously  raised,  it  required 
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a  considerable  pressure,  or  a  certain  amount  of  pressure,  to  cause  it 
to  descend  and  force  the  imprisoned  air  to  pass  the  piston.  Tliat 
was  the  test  that  was  usually  employed  in  determining  the  question 
of  the  tightness  of  the  piston. 

He  desired  to  be  allowed,  on  behalf  of  the  Crosby  Company,  to 
thank  the  author  for  the  investigations  that  had  been  carried  out, 
and  more  particularly  for  the  recommendations  that  had  been  made. 
The  question  of  the  optical  indicator  cam^e  up  for  discussion  some 
little  time  ago,  but  the  decision  that  was  come  to  with  regard  to 
the  instruments  available  at  that  time  was  that  they  were  more 
suited  for  t^he  laboratory  than  for  the  workshop  and  the  engine- 
room  ;  and  it  was  decided  that  until  something  more  easy  to  handle 
was  available,  and  on  which  records  could  be  obtained  without  the 
aid  of  photography,  and  which  could  be  calculated  readily,  they  had 
better  keep  to  the  pencil  lever  indicator,  continuing  to  make  it  as 
well  as  they  possibly  could. 

Professor  Robert  H.  Smith  said  it  was  some  time  since  he  had 
used  indicators,  but  several  years  ago  and  for  a  long  series  of  years 
he  frequently  used  nearly  every  kind  of  instrument  that  was 
obtainable ;  in  fact  he  used,  he  thought,  every  instrument  except 
the  Hopkinson,  which  had  not  then  been  invented.  He  greatly 
appreciated  the  remarks  made  by  one  speaker  in  the  course  of  the 
discussion  on  the  question  of  the  importance  of  the  connecting  gear 
to  the  drum.  Very  large  errors  occurred  in  the  ordinary  rough 
kinds  of  mechanism  that  were  used  for  that  purpose.  In  that 
connection  he  desired  to  mention  a  device  that  he  had  often  used, 
which  he  found  very  successful  in  difficult  oases  when  the  motion 
had  to  he  transmitted  a  very  long  distance  from  the  crankshaft  to 
the  indicators. 

He  was  much  astonished  on  paying  a  visit  to  Manchester  many 
years  ago  to  see  the  gear  that  had  been  put  up  by  Professor  Osborne 
Reynolds,  which  consisted  of  very  stift'  and  heavy  connecting-rods 
to  move  the  dnnii.  That  gave  him  a  lesson  as  to  the  necessity  of 
getting  very  little  variation  in  length  ])etvveen  the  source  of  motion 
and  the   drum.      A  connecting-rod    could  not  be  used  in  a  groat 


Jan.  1913. 


INDICATORS. 


67 


many  cases,  and  sometimes  the  distance  was  very  long,  as  in  large 
beam  engines.  In  one  case  in  which  a  straight  run  for  the  cord 
was  impossible,  so  that  the  cord  had  to  be  taken  over  a  pulley,  he 
used  a  very  stiff  wire  from  A  to  B,  Fig.  26,  and  a  flexible  cord  over 
the  pulley  as  short  as  possible ;  then  another  stiff  wire  from  C  to  D, 
and  then  a  very  strong  and  long  spring  to  pull  A  B  0  D  up  taut. 
The  range  of  stretch  from  minimum  to  maximum  of  the  spring 
varied  very  little,  and  therefore  the  expansion  of  the  whole  line  of 
connection  varied  very  little.  From  that  point  there  was  a  light 
cord  taken  to  the  drum.  The  cord  was  very  short,  only  a  few 
inches  in  length,  and  the  drum  spring  had  to  be  screwed  up  to  a 
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Fig.  26. — Indicator  Gear, 


A 


LONG     STIFF    WIRES 


CORD    TO    INDICATOR     DRUM 


O 


STRONG    SPRING 


very  small  extent  so  that  the  pull  upon  the  drum  and  upon  the 
fulcrum  round  which  it  oscillated  was  very  small. 

He  thought  the  Paper  was  a  very  useful  one,  and  although  he 
had  no  remarks  to  make  upon  the  criticisms  that  had  been  made 
by  Professor  Hopkinson,  he  had  no  fault  to  find  with  it  except  in 
Appendix  I  (page  43)  where  the  calculation  was  made  upon  the 
supposition  of  a  constant  frictional  force  throughout  the  stroke  of 
the  indicator.  He  thought  the  true  calculation  was  a  much  more 
complicated  one  than  appeared  in  the  Appendix.  There  was  one 
item  of  frictional  resistance  that  had  not  been  mentioned  by  the 
author,  which  he  found  out  almost  by  accident  at  one  time  when 
he  was  testing  a  gas-engine  in   its  early  stages  of  development ; 
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it  had  not  been  got  into  good  order,  and  the  explosion  was 
far  too  sudden  and  far  too  fierce,  which  therefore  strained  the 
instrument  very  much.  He  found  that  he  could  not  get  correct 
diagrams  with  a  small  size  Darks'  indicator,  which  he  thought  was 
the  best  indicator  obtainable  at  the  time  for  that  purpose.  He 
eventually  ascertained  that  the  piston  was  actually  jamming  in  the 
cylinders — not  continuously  jamming  but  instantaneously  jamming 
— so  that  its  motion  was  hindered  at  one  particular  point  of  the 
stroke.  The  members  knew  that  practically  all  the  indicator 
pistons  were  made  with  the  hollow  underneath  the  piston  exposed 
to  the  pressure,  and  the  very  violent  explosive  pressure  in  the 
gas-engine  to  which  he  referred  was  actually  expanding  the 
piston,  so  that  its  outer  surface  was  jamming  against  the  inside 
of  the  cylinder.  He  corrected  that,  and  he  proved  that  that  was 
the  cause  of  the  jamming,  by  a  simple  modification.  He  took  the 
piston  off  and  turned  it  upside  down  so  that  the  pressure  did  not 
get  into  the  hollow  space,  and  the  indicator  worked  perfectly. 

With  regard  to  pencil  friction,  he  knew  it  to  be  the  most 
important  cause  of  error  in  indicator  diagrams.  In  one  instrument 
he  made  he  obtained  extremely  beautiful  diagrams  with  practically 
no  pencil  friction  at  all,  by  not  using  a  pencil,  but  using  an  ink- 
pen  instead.  There  was  a  very  small  glass  tube  mounted  upon  the 
end  of  the  pencil  lever ;  it  was  filled  with  ink,  and  the  oscillation 
of  the  lever  by  means  of  the  centrifugal  force  threw  the  ink  out 
without  the  end  of  the  glass  touching  the  paper  at  all,  and 
it  made  a  very  fine  ink  line.  The  difficulty  was  that  the  heat 
coming  off  from  the  steam  through  the  metal  parts  of  the 
instrument  very  soon  coagulated  the  ink  so  that  it  would  not  run 
out  of  the  little  tube,  and  it  could  not  be  used  for  more  than  five 
minutes  without  being  cleaned  out.  He  had  used  a  great  many 
kinds  of  lead  pencil,  and  from  his  experience  he  did  not  agree  with 
what  had  been  said  by  on6  speaker  that  a  hard  lead  pencil  was  the 
best.  He  had  found  that  the  softest  and  purest  lead  was  by  far 
the  best.  It  had  the  inconvenience  that  the  pencil  point  required 
to  })e  frequently  sharpened,  })ut  it  gave  a  very  great  deal  less 
friction  on  the  paper  than  any  oilier  kind  of  pisiicil.      VVitli  regard 
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to  that  point,  many  of  the  modern  indicators  had  a  very  good 
feature  in  a  pencil  lever.  A  portion  of  it  near  the  fulcrum  was 
made  very  stiff,  but  the  end  portion  that  carried  the  pencil  was 
made  wide  vertically  but  very  thin,  so  that  it  deflected  with  very 
little  force,  and  yet  had,  in  the  direction  of  the  oscillation,  the 
vertical  motion,  very  great  stiffness. 
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Fig.  27. — Diaphragm  Indicator. 


PENCIL    LEVER 


CIRCULAR     STEEL     PLATE     SCALE     SPRING 


/    CLAMPED    IN    BRIDGE     SUPPORT 


One  point  that  had  not  been  sufficiently  referred  to  was  the 
bending  of  the  pencil  lever  due  to  rapid  oscillation.  All  the 
pencil  levers  that  he  knew,  except  those  he  had  just  mentioned, 
bent  a  great  deal  under  the  inertia  acceleration  of  their  mass  at 
very  high  speeds,  speeds  of  from  400  up  to  700  revolutions  per 
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minute.  The  next  error,  and  the  most  important  one  in  his 
opinion,  was  the  slackness  at  the  various  pin- joints  in  the 
mechanism  moving  the  pencil.  He  did  not  believe  that  in  the 
most  perfect  instrument  that  could  be  designed  and  constructed 
serious  errors  could  be  eliminated,  unless  all  the  slackness  in  the 
pin- joints  was  absolutely  got  rid  of,  and  the  proper  way  to  do  that 
was  to  do  away  with  pin-joints  altogether.  In  the  instrument 
which  he  made,  he  thought  in  the  year  1886  or  1887,  he  had  a 
piston  motion  of  only  gV  iiich,  and  a  multiplication  of  that 
motion  in  the  ratio  20  without  any  pin-joints.  The  lever  was  made 
of  a  little  tube  of  hard  steel  of  the  diameter  of  the  barrel  of  a 
crow-quill  pen.  It  was  extremely  light,  and  its  butt  end  was  cut 
so  as  to  leave  a  little  strip  which  was  turned  down,  and  which  was 
pinned  fast  to  the  little  light  rod  coming  off  from  the  piston.  Fig.  27. 
That  made  a  flexible  joint,  and  another  strip  leading  out  from  the 
end  of  the  steel  tube  was  clamped  in  the  support  which  took  the 
place  of  the  ordinary  fulcrum.  So  that  there  were  two  spring-joints 
between  the  pencil  lever  and  the  fixed  support  and  the  piston,  and 
no  pin- joints  at  all.  There  was  absolutely  no  room  anywhere  for 
any  slack  at  all.  The  mass  of  the  oscillating  pencil  lever  was  a 
very  important  point,  and  in  that  case  he  got  the  weight  of  all 
the  moving  parts  down  to  7  grammes.  This  instrument  was  a 
diaphragm  indicator — he  supposed  the  first  diaphragm  indicator 
that  was  made. 

Professor  Perry,  he  thought,  was  the  first  inventor  of  the 
optical  method  of  indication,  and  he  put  it  upon  a  diaphragm 
indicator  one  year  after  he  (Professor  Smith)  made  his  diaphragm 
indicator.  Fig.  27  showed  the  general  construction  of  the 
diaphragm  and  the  spring  above  it,  because  he  thought  it  was  of 
importance  now  that  diaphragm  indicators  were  being  spoken  of 
once  more.  The  diaphragm  was  of  flat-cup  shape.  It  was  of  very 
thin  sheet  copper,  stamped  out  and  clamped  very  solidly  round 
the  edges.  His  first  experiments  were  with  corrugated  diaphragms, 
but  he  found  both  by  experiments  and  by  calculation  that 
there  was  really  no  advantage  at  all  in  the  corrugations.  As 
great   a    degree    of    flexibility    with    the    same    diameter   and    the 
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same  weight  of  metal  was  obtained  with  a  plain  plate  as  with 
corrugations.  The  piston  was  a  stiff  plate  to  which  that  was 
fastened.  The  barrel  part  of  the  diaphragm  rounding  off  the 
edge  to  the  flat  portion  allowed  the  diaphragm  to  move  up  and 
down  in  its  centre  through  a  considerable  range,  without  any 
appreciable  straining  at  the  clamped  periphery  or  at  the  corners. 
The  plate  was  very  light,  and  there  was  a  very  small  light  rod 
secured  to  and  rising  from  it.  Above  that  the  spring  came,  which 
was  a  round  steel  plate.  This  plate  was  clamped  in  a  very  solid 
manner  round  its  complete  circular  periphery,  as  tightly  as  possible. 
All  the  non-moving  parts  were  made  very  massive.  He  had 
already  stated  that  the  weight  of  the  moving  parts  was  reduced  to 
7  grammes,  but  the  other  parts  that  did  not  move  weighed  together 
several  pounds.  It  was  a  big,  clumsy-looking  instrument,  because 
he  determined  that  everything  should  be  absolutely  stiff.  The  scale 
spring-disk  was  clamped  off  to  different  radii  for  different  scales,  and 
he  used  one  disk  only.  The  spring-disk  was  expensive,  because 
it  ought  to  be  absolutely  uniform  in  quality  and  temper  throughout 
and  also  absolutely  uniform  in  thickness ;  but  there  was  only  one 
of  them  for  all  scales.  He  thought  that  in  all  modern  indicators 
for  high  speeds  the  principle  that  ought  to  be  followed  was  to 
make  the  stroke  of  the  piston  very  short,  and  use  a  very  large  ratio 
of  multiplication. 

Mr.  Stewart,  in  reply,  thanked  the  members  for  the  kind 
manner  in  which  the  Paper  had  been  discussed.  His  method  had 
not  been  criticized,  except  by  Professor  Hopkinson  who  thought 
that  probably  the  lubrication  was  less  perfect  in  these  experiments 
than  in  the  actual  use  of  an  indicator  on  an  engine.  The  state  of 
lubrication  depended  largely  on  the  relative  velocity  of  the  rubbing 
surfaces.  In  these  experiments  the  amount  of  motion  and  its  rate 
were  probably  greater  than  in  practice,  and  consequently  the 
lubrication  in  these  experiments  was  not  less  perfect. 

Professor  Robert  H.  Smith  had  referred  to  the  question  of 
using  hard  pencils  (page  68).  The  pencil  which  he  (the  author) 
used    was   a   hard    one,   a   Koh-i-noor,   and   with   light    pressures 
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on  the  pencil  he  found  that  one  could  not  really  detect  the  pencil 
friction  on  the  paper.  The  pencil  friction  could  best  be  detected 
by  Reynolds's  method.* 

The  use  of  a  pencil  which  would  mark  the  paper  with  only 
slight  pressure  was  important.  Besides  the  increase  of  pencil 
friction  with  pressure,  the  straining  of  the  indicator  in  other  parts 
also  gave  rise  to  friction. 

Some  remarks  had  been  made  in  the  course  of  the  discussion 
about  a  diaphragm  indicator.  It  was  extremely  difficult  to  learn 
what  advances  had  been  made  in  diaphragm  indicators.  Personally, 
he  always  had  his  doubts  about  the  variation  of  temperature  on 
the  surface  of  the  diaphragm,  which  was  such  a  difficult  thing  to 
investigate  that  he  could  not  see  any  method  of  testing  an 
indicator's  freedom  from  that  defect,  unless  perhaps  by  Professor 
Hopkinson's  electrical  method. 


Communications. 


Mr.  George  Ness  wrote  that  he  thought  the  author  deserved 
much  appreciation  from  the  members  for  the  considerable  amount 
of  research  which  he  had  undertaken ;  and  whilst  the  result  did 
not  in  its  present  form  give  much  assistance  to  those  engaged  on 
everyday  work,  still  it  might  prove  of  value  in  special  research. 

The  errors  to  which  indicators  were  liable  were  fairly  well 
known  to  those  who  constantly  took  diagrams,  the  effect  of 
friction,  of  damping,  of  lag,  being  perfectly  recognized ;  lastly, 
the  personality  of  the  operator  was  of  supreme  importance. 
Nevertheless,  the  author's  results  were  of  great  interest,  and 
would  bear  considerable  inquiry  and  study  accompanied  doubtless 
by  some  criticism.  The  author  had  rendered  considerable  service, 
if  his  Paper  should  result  in  the  more  noted  manufacturers  of 
instruments  giving  some  attention  to  the  criticisms  that  were 
offered. 

♦  Proceedings,  Inst.  C,E.,  1885,  vol.  Ixxxiii,  page  1, 
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The  writer  did  not  agree  with  all  the  author's  conclusions,  and 
certainly  his  experience  with  the  instruments  made  by  the  makers 
referred  to,  warranted  a  rather  more  favourable  opinion  of  their 
productions.  In  many  cases  the  errors  referred  to  by  Mr.  Stewart 
neutralized  one  another.  For  instance,  friction,  whilst  it  might  assist 
in  producing  a  slightly  greater  effect  at  one  part  of  the  card,  actually 
produced  an  entirely  opposite  effect  at  another  and  tended  to  reduce 
the  effect  of  the  error.  Again,  the  lag  of  the  pencil,  whilst  slightly 
apparent  in  the  expansion  curve,  was  also  noticeable  during  exhaust 
and  compression  and  again  minimized  the  error.  Further,  the  lag 
of  the  pencil  was  to  some  extent  neutralized  by  the  reduction  of 
the  admission  period  due  to  the  lag  of  the  string,  cord  or  wire 
giving  motion  to  the  indicator.  Briefly,  the  effects  of  error  w^ere 
not  cumulative,  but  generally  had  a  neutralizing  tendency. 

The  writer  had  used  both  the  Crosby  and  Mclnnes-Dobbie 
types  so  frequently,  that  he  felt  it  necessary  to  draw  attention 
to  the  somewhat  loose  statements  in  the  middle  and  bottom 
of  page  23,  which  minimized,  in  his  opinion,  the  effects  of  an 
otherwise  valuable  Paper.  He  had  repeatedly  found  reason  to 
admire  the  very  practical  accuracy  of  both  types  of  instruments, 
as  shown  by  the  close  relationship  in  diagrams  taken  from  certain 
engines,  both  steam  and  gas,  by  different  instruments  by  the  same 
maker,  and  taken  from  the  engines  at  different  times  by  different 
operators. 

On  comparing  the  diagrams  and  the  powers  taken  also  on 
engines  which  could  be  measured  either  electrically  or  by  brake, 
they  had  confirmed  him  in  his  opinion  that  in  the  hands  of  a 
competent  operator  the  indicator  was  a  most  practical  accurate 
instrument,  and  did  not,  if  in  reasonable  condition,  give  anything 
like  the  margin  of  error  somewhat  loosely  referred  to  at  the  top  of 
page  24. 

With  reference  to  the  position  of  the  atmospheric  line,  again  he 
had  to  differ  from  the  author ;  the  atmospheric  line  could  be  located 
with  almost  mathematical  accuracy,  and  he  might  say  that,  in 
thousands  of  diagrams  which  came  into  his  hands  regularly,  taken 
by  different   assistants   throughout   the   country,  those  diagrams, 
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taken  with  the  same  strength  of  spring  but  from  different 
instruments  of  the  Crosby  and  Mclnnes-Dobbie  types,  showed 
almost  accurately  the  same  position  on  the  paper  on  which  the 
diagram  was  taken.  There  was  no  higher  test  of  accuracy  to  be 
obtained  than  this.  He  trusted  that  the  criticisms  Mr.  Stewart  had 
to  offer  would  be  taken  advantage  of  by  indicator  makers.  At  the 
same  time  he  was  afraid  that  Mr.  Stewart's  formula  for  correction, 
whilst  it  might  be  valuable  in  research  work,  was  not  in  itself 
suitable  for  correction  in  everyday  indicating.  Possibly,  however, 
makers  might  be  induced  to  supply  a  correcting  factor  for  various 
springs  with  the  special  instrument  they  made,  which  in  itself 
would  be  of  value. 

Mr.  Robert  Royds  wrote  that  the  Paper  gave  evidence  of 
accurate  and  painstaking  work  within  the  limits  of  the  experiments. 
It  was  common  knowledge  among  those  who  had  much  experience 
of  indicator  work  that  the  ordinary  piston  and  pencil  indicator  was 
liable  to  great  inaccuracies ;  and  still  it  was  a  common  practice  to 
place  far  too  much  reliance  upon  steam-engine  indicators.  The 
inaccuracies  of  pencil  indicators  used  for  internal-combustion 
engines  were  so  well  recognized  that  makers  of  such  engines 
rarely  quoted  fuel  consumptions  except  on  a  brake  horse-power 
basis.  In  the  "  Final  Report  of  the  Committee  on  the  Efficiency 
of  Internal  Combustion  Engines  "  *  such  errors  were  commented  on 
in  relation  to  one  or  more  of  their  experiments ;  for  instance,  one 
engine  at  full  load  seemed  to  have  a  mechanical  efficiency  of 
94  per  cent,  according  to  the  indicated  and  brake  horse-powers  as 
measured,  and  obviously  much  higher  than  the  real  mechanical 
efficiency.  It  was  somewhat  unfortunate  that  Mr.  Stewart  had 
chosen  to  test  his  indicators  under  air-pressure  instead  of  under 
steam  or  hot  gas  pressure,  or  at  any  rate  tliat  he  made  no 
recorded  attempt  to  ascertain  whether  temperature  conditions  and 
the  nature  of  the  working  fluid  affected  the  frictional  resistance  of 
the  indicator  pistons.     Also,  there  did  not  seem  to  be  any  reference 
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to  any  lubricant  being  used  on  the  piston.  The  presence  of  water 
in  the  indicator  pipe,  to  which  Mr.  Stewart  objected,  was  hardly  so 
fatal  to  accuracy  as  he  tried  to  make  out,  provided  that  the  pipe 
was  blown  through  before  indicating.  The  small  particles  of  water 
which  w^ould  have  deposited  on  the  indicator  piston  and  cylinder 
would  have  helped  to  lubricate  the  piston. 

Makers  of  indicators  had  a  tendency  to  make  indicator  pistons 
too  tight  a  fit.  No  apparent  trouble  might  be  evident  under  such 
circumstances  when  indicating  an  engine  using  saturated  steam, 
but  with  highly  superheated  steam  it  was  common  to  find  evidence 
of  excessive  frictional  resistance  at  the  indicator  piston.  In  some 
cases  the  writer  could  only  get  what  might  be  called  reasonable 
results  by  taking  the  indicator  piston  out  after  each  card  was 
obtained,  leaving  it  aside  to  cool  before  the  next  was  taken,  and 
smearing  a  little  cylinder  oil  on  the  piston.  These  latter  remarks 
might  also  be  applied  to  indicators  used  in  internal-combustion 
engines.  The  writer  ventured  to  state  that,  if  indicator  makers 
would  test  their  indicators  more  frequently  under  highly 
superheated  steam,  they  would  get  astonishing  results,  the 
difi'erences  of  readings  between  falling  and  rising  pressures  being 
very  marked. 

Mr.  Stewart  wrote,  in  reply  to  the  Communications  and  in 
further  reply  to  the  Discussion,  that  he  was  glad  that  so  many 
further  points  had  been  brought  before  the  members.  Professor 
Hopkinson  had  questioned  the  author's  statement  of  accuracy  in 
correcting  the  Crosby  diagram  of  Fig.  18  (page  41).  It  should 
be  noted  here  that  it  was  not  intended  to  assert  that  indicator 
diagrams  could  ever  be  got  to  the  degree  of  accuracy  stated,  but 
only  that  if  other  errors  were  negligible,  the  error  due  to  friction 
could  be  eliminated  within  ^  of  1  per  cent. — this  percentage 
depending  on  the  mean  error  and  inconsistency  in  determining 
the  friction.  Experiments  on  other  indicators  had  shown  a  greater 
inconsistency  than  was  found  in  the  experiments  of  Fig.  10 
(page  18),  and  consequently  the  correction  in  general  would  be 
less  accurate.     Since  the  error  in  any  set  of  diagrams  would  be  the 
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sum  of  all  the  errors,  and  since  there  were  many  sources  of  error, 
it  followed  that  the  practical  elimination  of  one  would  still  leave  a 
total  error  equal  to  the  sum  of  all  the  others. 

There  was,  however,  good  reason  for  claiming  that,  as  far  as  the 
comparison  was  concerned,  the  chief  error  in  the  Crosby-Hopkinson 
comparison  tests  was  that  caused  by  friction :  (1)  As  far  as  possible 
the  diagrams  averaged  were  of  the  same  cycle ;  and  if  not,  care  w^as 
taken  as  far  as  possible  to  eliminate  relative  errors  in  sampling ; 
(2)  the  pressure  at  any  point,  as  given  on  the  superimposed 
diagrams  (of  which  Fig.  18  was  a  copy),  was  not  determined  by 
one  measurement  from  one  indicator  card.  About  twelve  diagrams 
were  averaged  to  give  the  mean  diagram.  Ordinates  were  drawn 
on  each  diagram  spaced  closer  at  the  explosion  end  than  at  the  toe 
of  the  diagram.  Each  point  on  the  mean  diagram  was  therefore 
the  average  of  twelve  measurements.  The  effect  of  this  averaging 
was  to  eliminate  to  a  large  extent  the  error  in  measuring  the 
ordinate.  The  further  process  of  drawing  the  mean  diagram 
involved  plotting  to  a  large  scale  the  pressures  so  averaged,  and 
drawing  the  mean  curves  through  the  points.  Since  the  expansion 
curve  must  of  necessity  be  a  smooth  curve,  the  possibility  or 
otherwise  of  drawing  a  smooth  curve  through  the  plotted  points 
gave  some  idea  of  the  accuracy  of  the  pressure  ordinates.  As  the 
error  of  any  point  was  much  less' than  the  corresponding  difference 
between  the  Crosby  nnd  Hopkinson  diagrams,  and  moreover  as  the 
scale  of  each  spring  could  be  determined  to  a  much  greater  accuracy 
(as  judged  by  the  consistency  of  the  results)  than  the  difierence 
between  the  two  diagrams,  it  followed  that  the  difference  in 
pressure  ordinates  between  the  Crosby  and  Hopkinson  diagrams 
was  not  explained  by  inaccuracies  in  the  measurement  of  these, 
or  by  an  inaccurate  knowledge  of  tlie  rates  of  the  springs.  A 
correction  for  temperature-efiect  on  tlio  rate  of  the  Crosby  spring 
would  make  the  divergence  between  the  two  diagrams  still  greater. 
In  fuitli(;r  support  of  the  statement  that  the  difference  was  not 
(jxplairuMl  by  imp(;r-fcct  sampling,  it  miglit  be  stated  that  the 
ir)dicat(!(l  hois(3-povvcr  in  all  careful  tests,  in  wliich  the  two 
indicators  were  used  simultaneously,  was  always  greater  as 
calculated  from  the  Hopkinson  diagrams. 
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The  difference  between  the  two  diagrams  was  therefore  quite 
real,  and  consistently  of  the  same  magnitude.  Its  presence 
supported  the  arguments  put  forward  in  the  Paper.  It  should 
be  noted  that  the  pressure-difference  between  the  Hopkinson  and 
corrected  Crosby  diagrams  was  approximately  5  lb.  per  square 
inch  throughout  the  expansion,  the  constant  magnitude  of  which 
supported  rather  the  explanation  of  friction  than  that  of  mechanical 
hysteresis  of  the  spring. 

Professor  Hopkinson  had  suggested  that  the  friction  which  was 
in  evidence  in  Fig.  13  (page  22)  would  be  eliminated  by  the  motion 
of  the  spring  in  indicating  an  engine.  A  compression-expansion 
diagram  (similar  to  Fig.  23,  page  54)  taken  by  the  indicator  in 
question  showed  the  expansion  line  clearly  above  the  compression 
line — a  definite  indication  of  friction.  In  the  author's  opinion,  it 
was  an  objection  to  the  present  form  of  the  Hopkinson  indicator 
that  this  friction  might  be  present  and  might  be  considerable.  That 
its  magnitude  might  be  very  different  in  two  cases  might  be  gathered 
from  a  consideration  of  Fig.  20  (page  50).  The  motion  of  the  spring 
in  the  supports  varied  with  d^  and  if  the  initial  value  of  d  were 
greater  in  one  case  than  in  another,  then  the  frictional  effect  would 
be  greater.  Also  there  were  couples  applied  by  the  supports  to  the 
ends  of  the  spring.  These  couples  might  be  greater  in  one  case 
than  in  another,  with  the  consequent  effect  of  increased  friction. 
In  his  experiments,  the  author  confined  himself  to  the  demonstration 
of  the  presence  of  friction ;  part  of  the  effect  might  be  due  to 
mechanical  hysteresis  in  the  spring,  but  if  so,  that  part  was 
comparatively  small.  The  oscillation  diagram  of  Fig.  12  (page  20) 
further  supported  this  contention. 

Professor  Hopkinson  described  an  electrical  method  of  testing 
indicators,  the  results  of  which  led  one  to  the  conclusion  that 
within  the  possibilities  of  measurement  of  the  diagram,  the 
particular  Hopkinson  indicator  tested  was  free  from  friction.  As 
this  conclusion  was  opposed  to  that  arrived  at  by  the  author,  it 
might  be  well  to  examine  the  possibilities  of  error  in  the  electrical 
method  :  (1)  The  error  was  obtained  as  the  difference  of  two  large 
quantities ;   one  pressure  could  be  measured  with  great  exactness, 
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but  the  other  was  less  definite.  An  error  of  1  per  cent,  in  the 
latter  might  mean  50  per  cent,  error  in  the  difi'erence,  depending 
on  the  magnitude  of  this  diflference ;  (2)  It  was  doubtful  whether 
the  two  pressures  were  being  measured  at  exactly  the  same  point 
in  the  stroke.  The  pressure  ordinate  on  the  indicator  diagram 
corresponding  to  a  particular  position  of  the  engine  piston  could 
be  found  very  accurately,  but  there  was  considerable  doubt  as  to 
whether  the  instant  at  which  the  galvanometer  ceased  to  show  a 
deflection  could  be  determined  with  sufficient  accuracy.  The 
ordinary  galvanometer  had  of  necessity  considerable  induction,  and 
consequently  the  instant  at  which  a  deflection  could  be  detected 
would  lag  behind  the  instant  at  which  the  E.M.F.  was  first  applied. 
This  lag  of  the  galvanometer  would  mask  any  lag  in  the  indicator, 
and,  if  of  sufficient  magnitude,  would  lead  to  the  false  conclusion 
that  the  friction  was  small  or  negligible. 

Attention  had  been  drawn  to  Dr.  Fisher's  test  of  the  Willans 
engine  (pages  23  and  61),  in  which  he  compared  Crosby  and  Mclnnes- 
Dobbie  indicators.  An  explanation  which  probably  explained  the 
difi'erence  might  be  advanced:  (1)  As  it  was  not  convenient  to 
replace  the  metal  pencils  of  the  Mclnnes-Dobbie  indicators  by 
graphite  ones,  a  consequently  greater  pencil  pressure  was  necessary 
to  get  a  visible  diagram.  The  efi'ect  of  this  pressure  in  increasing 
the  friction,  not  only  of  the  pencil  on  the  paper  but  of  all  the 
moving  linkwork,  had  already  been  pointed  out.  Moreover  this 
friction  increased  rapidly  with  increase  of  pressure  of  the  steam  or 
gas  being  indicated.  (2)  The  heavier  springs  of  the  Mclnnes- 
Dobbie  indicators  were  single  helices  which,  as  already  pointed 
out,  gave  rise  to  a  couple  when  compressed.  The  forces  introduced 
by  this  couple  increased  with  the  pressure,  and  so  also  would  the 
frictional  error  caused  by  it.  As  the  particular  test  recorded  was 
one  which  might  be  expected  to  show  up  any  frictional  error  which 
increased  with  the  pressure,  the  large  eiTor  in  the  indicated  horse- 
power recorded  was  not  surprising. 

The  author  realized  the  necessity  that  indicators  should  maintjiin 
their  accuracy  in  use,  and  not  work  loose  at  tlie  various  pins  or 
otherwise  sutler  by  wear;  yet,  witliout  diminishing  this  valuable 


Jan.  1913.  INDICATORS.  79 

asset,  there  was  room  to  effect  improvements  and  even  improvements 
in  ability  to  withstand  wear.  He  did  not  suggest  any  great 
refinements  in  indicators,  but  thought  that  a  statement  by  the 
makers,  of  the  friction  at  various  pressures  with  a  minimum  of 
pencil  pressure,  would  be  of  value.  The  required  test  was  not  a 
difficult  one  or  one  requiring  special  apparatus,  if  the  method  of  the 
test  used  to  obtain  the  results  of  Fig.  10  (page  18)  were  adopted,  or 
a  modification  which  would  be  m.entioned  below.  The  test  required 
a  certain  amount  of  skill  which  was  merely  a  matter  of  practice. 
The  students  of  the  University  of  Birmingham  had  found  no 
difficulty  in  obtaining  consistent  results. 

Mr.  Spencer  had  raised  the  question  of  the  effective  diameter 
of  the  indicator  piston  (page  65).  The  author's  conclusions  were 
that  the  effective  diameter  was  the  mean  of  the  piston  and  cylinder 
diameters.  If  the  piston  diameter  were  taken,  the  error  involved 
was,  however,  negligible.  With  the  ordinary  piston  of  area  h  square 
inch,  having  a  clearance  in  cylinder  of  y^qq  inch,  this  effective 
area  was  only  ^  per  cent,  greater  than  the  piston  area. 

Mr.  Tookey  in  his  remarks  (page  60)  had  drawn  attention  to 
the  variation  of  lost  work  in  engines.  While  in  the  steam-engine 
the  lost  work  in  any  one  engine  was  very  nearly  constant,  it  might 
vary  over  a  wide  range  in  the  gas-engine.  In  some  experiments 
which  the  author  had  conducted  for  Professor  Burstall,  it  was 
found  that  the  lost  work  was  largely  a  question  of  temperature 
and  particularly  of  the  free  action  of  the  piston-rings.  Piston-rings 
in  the  gas-engine  were  liable  to  get  stuck  in  place,  or  partially  stuck, 
by  tarry  deposits  coming  from  the  gas  and  probably  also  from  the 
cylinder  lubricating  oil.  It  was  found  that,  under  these  conditions, 
the  lost  work  increased.  In  all  tests  it  was  also  consistently  found 
that  the  lost  work  was  greater  just  after  starting  up  than  it  was 
some  time  later.  Usually  on  the  Premier  research  gas-engine  *  it 
took  about  an  hour  before  a  steady  state  was  reached.  It  was 
probable  that  the  lubrication  of  the  piston-rings  in  their  recesses 
was  an  important  factor  in  this  gradual  increase  of  the  mechanical 

*  Proceedings,  I.Mech.E.,  1908,  Part  I,  page  5. 
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efficiency  of  the  engine.     The  trou])le  in  gas-engine  testing  was  not 

that   the   indicated   horse-power   could    not    be    determined   with 

sufficient  accuracy,  but  that  the  lost  work  was  often  erratic  in  its 

variation. 

In  reply  to  Mr.  Ness  (page  73),  it  should  be  observed  that  the 
errors  in  diagrams  did  not  in  general  neutralize  each  other ;  the 
stretch  of  the  indicator   cord  did   to   some  extent   neutralize  the 


Fig.  28. — Friction  in  a  Steam  Indicator  (Mclnnes-Dobbie). 
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effect  of  frictional  resistance  of  the  motion  of  the  pencil,  but  as  the 
relative  magnitudes  of  the  errors  due  to  these  causes  was  not  a 
constant  or  nearly  so,  one  could  not  rest  assured  that  the  net  result 
was  negligible. 

Replying  to  Mr.  Royds  (page  74),  the  temperature  at  which 
these  experiments  were  made  was  that  of  tiie  atmosphere,  and  in 
order  that  the  viscosity  of  the  lubricant  should  be  approximately 
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the  same  as  that  of  the  lubricant  of  the  indicator  when  in  use  on 
an  engine,  Singer's  sewing-machine  oil  was  used. 

Figs.  28  and  29  showed  results  which  had  recently  been  obtained 
from  a  Mclnnes-Dobbie  indicator  and  a  Simplex  indicator.  For  the 
former,  the  author  was  indebted  to  Dr.  Fisher  and  for  the  latter 
to  Mr.  Pain,  a   student   in    the    heat   laboratory  of   Birmingham 

Fig.  29. — Friction  in  a  Steam  Indicator  {Simplex). 
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University.  These  diagrams  corresponded  to  Fig.  10  (page  18), 
and  the  method  of  testing  was  practically  the  same.  A  modification 
was,  however,  necessary  in  the  method  of  setting  the  pencil  in 
oscillation.  A  length  of  fine  cotton  was  hooked  over  the  pencil- 
lever  and  pulled  until  it  broke.  The  sudden  release  gave  rise  to 
oscillations. 
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THE  APPLICATIONS  OF  POLARIZED  LIGHT  TO 

MECHANICAL  ENGINEERING  PROBLEMS 

OF  STRESS  DISTRIBUTION. 


LECTURE 


By  Professoe  E.  G.  COKER,  M.A.,  D.Sc,  F.R.S.E.,  Member, 
OP  FiNSBURY  Technical  College,  London, 

AT  THE  GRADUATES'  MEETING, 
Monday,  10th  February  1913. 


Sir  H.  Frederick  Donaldson,  K.C.B.,  Vice-President,  in  the  Chair. 


The  design  and  construction  of  machines  for  the  many  purposes 
of  present-day  use  are  continually  presenting  problems  of  difficulty, 
especially  in  regard  to  the  stresses  which  are  produced  in  the 
various  constituent  members.  In  a  large  number  of  cases  the 
practical  necessities  of  construction  make  it  impossible  to  avoid 
the  use  of  pieces  of  complicated  shape,  and  usually  the  stress 
distribution  caused  by  the  loading  system  is  of  so  intricate  a  kind 
that  it  cannot  be  calculated  with  any  approach  to  accuracy,  even 
for  static  loads ;  while  in  the  more  general  case  where  the  load  is  a 
varying  one,  and  changes  its  direction  and  magnitude  with  great 
rapidity,  a  further  complication  is  produced,  which  makes  it  still 
more  difficult  to  ascertain  the  stresses  produced  in  a  member  of  a 
machine.  Where  its  importance  warrants  it,  and  means  can  be 
[The  I.Mech.E.]  i  2 
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devised,  it  is  natural  to  examine  the  behaviour  of  a  machine-part 
by  subjecting  it  to  severe  mechanical  tests,  under  conditions  which 
approximate  as  nearly  as  possible  to  those  in  actual  practice,  and  in 
this  way  experiments  on  a  member  or,  if  more  convenient,  on  a 
small  scale  model,  often  yield  results  of  considerable  value,  and 
may  lead  to  improvements  in  the  design  of  machinery. 

The  important  experimental  determinations  of  the  effects  of 
rapidly  repeated  stresses  afford  an  example  of  the  importance 
attached  to  experiments  on  a  small  scale,  and  many  cases  might  be 
quoted  of  valuable  results  obtained  by  well-devised  experiments  to 
determine  the  most  suitable  forms  and  proportions  of  the  parts 
of  machines.  The  study  of  breakages  and  partial  failures  is  also 
a  fruitful  source  of  valuable  information,  if  the  cause  of  failure 
can  be  correctly  diagnosed,  as  the  material  may  then  be  more 
correctly  disposed,  or  the  dimensions  made  more  ample  to  allow 
for  the  underestimated  stress.  Stress  intensity  may,  however,  vary 
enormously  from  point  to  point  in  a  machine-part,  so  that  it  is  not 
always  possible  to  determine,  from  a  mechanical  test,  what  is  the 
cause  of  failure.  Every  engineer  is  well  aware  that  great  stresses 
may  be  produced  by  sudden  changes  of  section,  rapid  curvature  and 
sharp  corners,  because  these  speedily  make  themselves  apparent  in 
a  machine  in  continuous  service,  but  it  is  usually  very  difficult  to 
obtain  quantitative  estimates  of  the  stress  produced  at  a  point  of 
failure  in  a  metallic  body,  and  it  is  probable  that  some  other 
material  may  yield  more  information  than  the  metal  itself. 

As  is  well  known,  transparent  bodies,  like  glass,  when  subjected 
to  stress  become  doubly  refractive,  and  a  beam  of  light,  in  which 
the  transverse  vibrations  are  uni-directional,  is,  in  general,  divided 
up  into  two  components,  one  of  which  vibrates  in  the  direction 
of  maximum  principal  stress,  and  the  other  in  tlie  direction  of 
minimum  principal  stress.  If,  for  example,  we  consider  the  case  of 
a  rectangular  plate.  Fig.  1,  subjected  to  tension  stresses  p  and  q  at 
right  angles,  the  state  of  stress,  across  any  piano  section  passing 
through  the  point  0  of  the  plate,  Ciin  be  shown  to  be  represented  by 
a  vector  of  an  ellipse  in  which  the  major  axis  OA  represents  p,  and 
tlie  minor  axis  015  represents  q.     If  the  plane  of  vibration  of  the 
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incident  beam  of  light  is  000^,  the  effect  of  this  system  of  stress 
in  the  material  is  to  divide  the  beam  into  two  components,  one  of 
which  vibrates  in  the  direction  OA,  and  the  other  in  the  direction 
OB.  The  two  beams  do  not,  however,  travel  at  the  same  velocity 
through  the  plate,  and  although  at  entry  they  are  in  the  same 
phase,  they  are  no  longer  so  at  exit,  and  this  phase  difference  is 
maintained  in  their  subsequent  passage  through  the  air.  If  now 
a  prism,    or   other   device,    is   interposed  which  has  the  power  of 

Fig.  1. — Plate  subjected  to  Principal  Stresses  p  and  q. 
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selecting  the  components  of  each  vibration  with  reference  to  a 
given  plane,  an  interference  effect  is  observed  which  causes  a  colour 
sensation,  and  this  latter  is  very  marked  if  the  plane  chosen  is 
perpendicular  to  the  plane  COC^  The  optical  devices  for  producing 
light  of  the  kind  required  need  not  be  described  here,  as  they  are 
fully  dealt  with  in  text-books  on  Light,  and  it  is,  moreover,  the 
applications  of  the  optical  properties  with  which  we  are  more 
particularly  concerned  from  an  engineering  standpoint. 
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Other  transparent  materials  behave  like  glass,  and  in  particular 
the  nitro-celluloses  are  far  more  convenient  to  work  with,  as  they 
usually  bear  much  higher  loads  without  fracture,  and  they  are, 
moreover,  very  ductile.  If  we  take  a  strip  of  such  material,  like 
that  shown  in  Fig.  2,  Plate  1,  and  arrange  the  optical  apparatus  so 
that  when  the  strip  is  unloaded  no  light  is  transmitted,  the  effect 
of  a  moderate  tension  causes  the  specimen  to  appear  a  greyish 
white,  and,  as  the  stress  increases,  the  colour  changes  by  insensible 
gradations  to  a  lemon  yellow,  then  to  a  reddish  purple,  and  with  a 
very  little  increase  of  stress  to  a  well-defined  blue,  as  shown  in  the 
accompanying  photographs.  Fig.  2.  With  a  further  increase  of 
stress,  the  scale  of  colours  is  approximately  repeated  for  twice  the 
intensity  of  stress,  and  the  relation  of  colour  to  stress  is  shown  to 
be  approximately  that  given  in  the  Table  below.  We  therefore 
have  a  recognizable  and  easily  understood  colour-scale  to  mark  the 
intensity  of  stress  in  a  material. 

For  simple  tension  and  compression,  the  relative  retardation 
of  the  rays  which  produces  the  colour  effect  is  proportional  to 
the  stress,  and  to  the  thickness  of  the  material.  In  such  cases, 
therefore,  the  stress  intensity  may  easily  be  determined  by 
observing  the  colour  bands,  bearing  in  mind  that  both  tension  and 
compression  produce  similar  effects,  if  changes  in  the  thickness  of 
the  material  are  allowed  for.  Thus,  if  we  take  the  case  of  a 
transparent  beam  subjected  to  a  uniform  bending  moment,  a  system 

Comjjarative  Tabic  of  Tension  and  Compression  Stresses 
corresponding  to  a  given  Colour. 
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of  colour  bands  is  obtained,  distributed  as  shown  in  the  accompanying 
photograph,  Fig.  3,  Plate  1,  and,  by  inspection  with  the  aid  of  a 
Table  of  Values,  the  distribution  across  the  section  can  be  determined 
approximately,  as  shown  in  the  diagram  on  the  right  hand  of  the 
Fig.  It  is  seen  that  the  stress  varies  uniformly  from  a  maximum 
compression  at  the  under  side  to  nothing  near  the  centre,  and  it 
then  changes  sign  and  increases  uniformly  to  a  maximum  tension 
stress  at  the  upper  side  of  the  beam,  in  exactly  the  same  manner  as 
occurs  in  a  metal  beam  subjected  to  the  same  kind  of  loading. 

This  case  indeed  aftbrds  one  of  several  instances  where  the 
results  of  optical  experiments  can  be  compared,  not  only  with 
mechanical  measurements  of  strain  but  also  with  the  theory  of 
the  distribution  of  stress  in  materials,  and  the  experimental 
determinations  for  a  transparent  material  show  a  very  good 
agreement  with  strain  measurements  and  with  the  precise  theory. 
We  can,  therefore,  feel  very  confident,  in  more  complicated  cases 
that  the  stresses  in  a  transparent  model  are  similar  to  those  in  a 
metal.  For  example,  a  beam  with  a  notch  cut  in  it  may  be  taken, 
as  shown  in  Fig.  4,  Plate  1,  and,  as  might  be  expected,  the  effect 
of  the  notch  is  seen  to  increase  the  stress  in  the  material  very 
considerably.  The  distribution  is  now  much  more  complicated 
than  it  is  in  a  simple  beam ;  the  neutral  axis  has  moved  towards 
the  notch,  while  the  colour  effects  show  that  the  maximum  stress 
is  at  least  twice  as  great  as  that  in  a  beam  without  a  notch. 

In  order  to  comprehend  more  fully  a  variety  of  cases  which 
may  occur  in  machines  and  other  structures,  the  effect  of  the  most 
general  stress  system  in  a  plane  will  now  be  examined.  As  is  well 
known,  the  most  complicated  case  is  always  equivalent  to  two  sets 
of  stresses,  in  the  plane,  and  at  right  angles  to  each  other.  The 
action  of  such  stresses  can  be  imitated  very  simply  by  superposing 
tension  and  compression  members  at  right  angles  in  the  field  of 
view,  and  it  is  found  in  every  case,  that  the  combined  effect  is 
represented  by  the  algebraic  difi'erence  of  the  stresses.  It  is  seen, 
for  example,  in  Fig.  5,  Plate  2,  that  two  equally  stressed  tension  or 
compression  members  produce  a  dark  field  in  their  common  area, 
while  a  compression  member  set  across  an  equally  stressed  tension 
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member,  Fig.  6,  gives  a  doubled  colour  effect.  If,  however,  the 
specimens  are  set  in  the  same  direction  as  in  Fig.  7,  their  combined 
effects  are  reversed ;  like  stresses  now  add  their  colour  effects  and 
unlike  ones  subtract  them.  The  colours  are  in  fact  quantitative 
pictures  of  the  differences  of  principal  stress  at  all  points,  and, 
bearing  this  in  mind,  some  examples  of  application  to  mechanical 
engineering  may  now  be  considered. 

Some  of  the  most  interesting  examples  are  furnished  by  curved 
members,  and  a  very  frequent  case  is  that  which  occurs  in  piping 
for  transmitting  fluids  under  pressure.  The  hydraulic  power  mains 
of  London,  for  example,  distribute  water  at  a  very  high  pressure 
over  a  considerable  area,  and  the  stress  distribution  in  the  metal 
requires  careful  consideration.  The  action  of  water,  or  other  fluid, 
in  a  pipe  can  be  imitated  by  applying  a  uniformly  distributed 
pressure  to  the  interior  of  a  ring  such  as  is  shown  in  Fig.  8,  Plate  2, 
where  the  application  of  a  uniformly  applied  pressure  produces  a 
stress  distribution  in  the  circular  ring  of  a  perfectly  symmetrical 
character.  The  arrangement  of  the  colour  bands  shows  that  there 
is  a  very  large  stress  at  the  interior  surface  diminishing  rapidly  at 
first,  and  afterwards  more  gradually  as  the  outer  surface  of  the  pipe 
is  approached.  In  this  case  there  is  a  radial  compression  stress 
accompanied  by  a  circumferential  tension  stress,  and  the  optical 
effects  produced  at  any  point  are  proportional  to  the  algebraic 
difference  of  their  intensities — in  this  case  their  numerical  sum. 

In  a  thick  cylinder  of  these  proportions  the  radial  stress  is  not 
large,  and  its  intensity  can  be  determined  independently,  but  the 
combined  effects  of  both  stresses  have  been  measured  here  and  are 
shown  in  Fig.  9.  Calculation  shows  that  if  p  is  the  circumferential 
stress   and    q   tlie    radial    stress   at    any   radius   r,    the   difference 

p  —  q  =     ,  where   C  is  a  function  of   the    fluid  pressure  and    the 

dimensions  of  the  pipe,  and  the  experimental  values  obtained,  with 
transparent  material,  follow  this  law  very  closely.  The  application 
of  a  measurable  fluid  pressure  to  the  cylindrical  surface  of  a  ring 
in  such  a  way  that  no  essential  part  is  obscured  from  view  is  an 
interesting    mechanical    problem,  and   liis  (Dr.   Coker's)    assistant, 
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Mr.  F.  H.  Withycombe,  has  devised  and  constructed  a  simple  and 
ingenious  device  for  this  purpose.  A  small  pump,  the  piston  of 
which  is  actuated  by  a  screw,  forces  oil  at  any  desired  gauge- 
pressure  into  the  annular  space  between  two  metal  disks  bolted 
together  at  the  centre,  and  the  fluid  is  sealed  in  this  space,  by 
a  retaining  ring,  shaped  somewhat  like  a  Bramah-cup  leather  to 
prevent  leakage  of  fluid.  This  latter  ring  projects  slightly,  beyond 
the  periphery  of  the  disks,  and  carries  the  transparent  object  under 
stress,  and  every  part  is  therefore  visible  for  measurement. 

The  same  arrangement  is  applied  to  a  thick  pipe,  subjected  to 
external  pressure,  a  commonly  occurring  case  as  in  the  tubes  of 
boilers  and  the  like.  In  such  a  ring  subjected  to  a  uniform 
external  pressure,  the  colour  fringes  are  almost  exactly  like  those 
shown  in  Fig.  8 ;  the  stress  is  still  greatest  at  the  inner  surface, 
while  the  law  of  stress  variation,  obtained  experimentally,  is 
practically  the  same  as  that  shown  in  Fig.  9,  and  except  as  regards 
the  sign,  which  is  now  that  due  to  compression  stress,  there  appears 
to  be  no  substantial  difference.  This  is  clearly  shown  if  both  rings 
are  placed  alongside  in  a  polariscope,  but  it  is  still  more  evident  if 
they  are  superposed  as  shown  in  Fig.  10,  Plate  3,  so  that  the 
polarized  rays  pass  through  both  rings.  The  optical  effects  now 
neutralize  each  other,  and  very  little  colour  is  seen ;  and  this  shows 
that  the  stress  effects  due  to  both  rings  are  approximately  the  same 
and  only  differ  in  sign. 

A  miore  complicated  condition  of  stress  occurs  when  the  material 
has  a  flaw  in  it.  The  effect  of  a  cavity  increases  the  stress  very 
much,  and  in  the  ring  shown  in  Fig.  11a  cylindrical  flaw  is  seen, 
which  materially  increases  the  stress  intensity,  owing  to  the 
discontinuity  it  produces  in  the  radial  cross-section. 

Another  case  of  importance  in  practice  occurs  when  a  ring- 
shaped  body  is  stressed  by  tension  forces  applied  in  a  diametral 
line.  The  links  of  chains  are  a  familiar  example,  and  Fig.  12  shows 
the  complicated  stress  distribution  produced  in  a  ring  with  circular 
contours  and  of  rectangular  cross-section.  The  experimental 
determination  of  the  stress  distribution  at  any  cross-section, 
although  not  difiicult,  is  a  somewhat  lengthy  matter,  and  from  an 
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engineering  point  of  view  the  vertical  and  horizontal  sections  are  of 
chief  importance.  The  stress  distribution  across  these  latter 
sections  has  been  determined  and  is  drawn  in  Fig.  1 2 ;  this 
diagram  shows  that  a  very  great  tensional  stress  occurs  at  the 
inner  boundary  of  the  ring,  which  diminishes  to  a  zero  value  at  an 
intermediate  point  of  the  section,  and  becomes  a  compression  stress 
of  moderate  intensity  at  the  outer  boundary.  At  the  vertical 
sections  the  stress  distribution  is  complicated  by  the  effect  of  the 
application  of  the  load,  and  the  colour  effects  indicate  greater 
intensities  of  stress  than  in  the  horizontal  sections. 

Another  case  of  stress  distribution  of  an  analogous  kind  is 
afforded  by  a  hook  section,  which,  in  the  example  shown  in  Fig.  13, 
Plate  3,  is  a  circular  ring  of  rectangular  section  cut  across  a  radial 
section.  Here  a  somewhat  similar  distribution  at  the  principal 
cross-section  is  found,  in  that  the  greatest  stress  is  a  tension  at 
the  inner  side  of  the  hook,  while  at  the  outer  part  the  ring  is  in 
compression,  but  the  stress  is  naturally  much  more  intense  than  in 
the  former  case  for  the  same  load  and  dimensions.  A  comparison 
of  the  results  in  Fig.  13  with  the  theory  of  Professor  Karl  Pearson 
shows  a  very  fair  agreement,*  and  confirms  the  experience  of  other 
cases  that  an  experimental  investigation  of  this  kind  determines 
the  state  of  stress  in  a  body  in  a  very  approximately  accurate 
manner.  An  idea  of  the  complexity  of  the  stresses  produced  when 
the  body  has  sharp  corners  is  shown  by  Fig.  14,  Plate  4,  in  which  a 
"2  shaped  section  is  stressed  in  a  similar  manner  to  the  circular 
hook.  The  great  intensity  produced  by  the  sharp  corners  of  the 
inner  boundary  is  here  made  manifest,  both  by  the  complexity  of 
the  colour  banding,  and  the  presence  of  several  complete  orders  of 
colours  at  these  points  and  also  at  the  semicircular  notch.  As  will 
be  apparent,  numerous  problems  arise  in  connection  with  curved 
members,  and  tlujse  now  described  and  some  others  are  being 
examined  at  some  ktngth  in  the  l.iboratory  of  tlic  Finsbury 
Technical  Cohege. 


*  Phil.  Mag.  October,  1910. 
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The  Determination  of  the  Principal  Stresses. — So  far  the  problems 
of  stress  distribution  considered  are  of  such  a  kind  that  one  of  the 
principal  stresses  at  a  point  is  much  greater  than  the  other,  and  in 
many  cases  the  minor  stress  is  zero  or  can  be  neglected.  If, 
however,  both  stresses  are  of  considerable  magnitude,  it  becomes 
important  to  separate  their  effects,  and  to  state  their  values.  If 
p  and  q  are  the  principal  stresses  at  a  point,  the  colour  effect  is 
proportional  to  p  —  q,  as  has  been  seen ;  this  difference  can 
be  measured  by  direct  observation,  or  by  simple  mechanical 
measurements,  and  the  value  of  this  difference  can  thereby  be 
obtained  as  an  average  taken  over  the  thickness  of  the  plate  at 
this  point. 

A  measure  of  the  sum  of  the  principal  stresses  corresponding  to 
the  same  point  may  also  be  obtained,  if  advantage  be  taken  of  the 
fact  that  the  stress  also  causes  a  change  in  the  thickness  of 
material  proportional  to  the  sum  (p  -\-  q)  of  the  principal  stresses. 
If,  for  example,  both  stresses  are  tensions,  there  will  be  a  lateral 
contraction  of  {p  -{-  q)/mEt,  where  E  is  the  modulus  of  direct 
elasticity,  and  m  is  Poisson's  ratio.  Both  these  latter  quantities 
can  be  determined,  and  the  sum  of  the  stresses  can  be  measured,  if 
an  extensometer  is  used  of  sufficient  accuracy  to  measure  the 
lateral  contraction.  The  values  of  the  physical  quantities  E  and 
m  differ  very  much  for  different  materials,  but  for  the  artificial 
transparent  material  used  here  they  are  much  smaller  than  for  a 
m.etal,  and  the  difficulty  of  this  kind  of  measurement  is  therefore 
much  lessened.  A  fair  value  of  E  for  xylonite  is  300,000  in  pound 
and  inch  units,  while  m  has  a  value  of  about  2*5,  so  that  for  each 
1,000  lb.  of  stress  intensity,  the  corresponding  lateral  contraction 
for  plates  of  the  usual  thickness  of  -^  inch  is  -^q^q  of  an  inch.  To 
measure  such  a  quantity  to  an  accuracy  of  within  1  or  2  per  cent., 
it  is  advisable  to  use  an  instrument  capable  of  indicating  a  change 
of  a  least  one-hundredth  of  this  quantity,  and  Mr.  Scoble  and  the 
Lecturer  have,  in  a  preliminary  way,  measured  such  changes  with 
fair  accuracy  by  using  a  lateral  extensometer  capable  of  detecting  a 
change  of  about  half-a-millionth  of  an  inch.  An  elevation  of  one  form 
of  this  apparatus  is  shown  in  Fig.  15  (page  92)  attached  to  a  plate  A. 
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In  this  arrangement,  a  frame  B  carries  a  calibrating  screw  C, 
the  point  of  which  bears  against  the  plate  of  transparent  material, 
and  is  immediately  opposite  to  a  second  piece  D,  the  inner  end  of 
which  is  lightly  pressed  against  the  plate  by  a  spring  E,  while  the 
outer  end  presses  against  the  short  arm  of  a  lever  F,  pivoted  at  G, 
and  controlling  the  angular  position  of  the  lever  H  of  a  mirror  J 
pivoted  at  K.  Any  change  which  takes  place  in  the  thickness  of 
the  specimen  between  the  measuring  points  causes  a  rotation  of  the 


Fig.  15. 

Apparatus  for  Measuring  the  change  in 
Thickness  of  Transparent  Plates. 


mirror,  and  this  change  can  be  measured  by  observing  the 
movement  of  a  spot  of  light  which  is  reflected  from  the  mirror 
in  the  usual  manner.  The  observations  can  be  checked  by  the 
calibrating  screw,  which  is  provided  with  a  graduated  head  L  for 
this  purpose. 

It  will  be  noticed  that  the  measuring  points  simply  bear  against 
the  face  of  the  bar,  and  do  not  penetrate  it,  so  that  the  length  over 
which  a  measurement  is  made  can  be  accurately  determined.  The 
whole  of  the  measuring  apparatus  is  moreover  supported  on  a  pair 
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of  light  steel  springs  M  attached  to  a  clip  N  secured  to  the 
specimen  by  a  pair  of  screws  0,  so  that  indentations  are  avoided 
at  the  points  of  measurement,  while  errors  caused  by  the  weight 
of  the  instrument  on  the  measuring  points  are  avoided.  A 
combination  of  the  two  methods  described  here,  in  which  the  sum 
of  two  quantities  is  found  by  one  method  and  the  difference  by 
another,  requires  considerable  care  in  the  measurements  to  obtain 
accurate    values    of    each    quantity   separately,    especially   if    one 

Fig.  16. — Measured  Values  of  the  Sum  and  Difference  of  the 
Princiyal  Stresses  at  the  section  A  B. 
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quantity  is  much  smaller  than  the  other,  since  minute  errors  of 
observation  become  a  large  percentage  of  the  value  of  the  lesser 
quantity.  As  an  example  of  this  form  of  measurement,  the  case 
of  a  tension  member  with  a  central  hole  may  be  instanced,  in  which 
the  measurements  of  (p  -\-  q)  and  {p  —  q)  at  the  minimum  cross- 
section  are  shown  in  one  diagram  of  Fig.  16  in  terms  of  the  stress  s 
at  an  uncut  part  of  the  plate,  while  the  separate  values  are  shown 
in  the  second   diagram,  and  also  a  set  of  values  calculated  by  an 
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approximate  theory  and  shown  by  dotted  lines.  The  agreement 
is  here  very  close  and  the  test  is  a  somewhat  severe  one,  since  at 
this  section  the  radial  stress  q  is  very  small,  and  the  tension 
stress  p  is  great,  but  the  measurements  show  the  characteristic 
variations  of  p  and  q  very  accurately ;  and  the  fact  that  the  stress  q 
must  vanish  at  the  outer  edges  of  the  plates  is  confirmed  by  the 
measurements.  In  this  example,  considerations  of  symmetry  show 
the  directions  of  principal  stress,  but  in  general  the  complete 
determination  of  the  stress  at  any  point  requires  a  further 
measurement,  as,  although  the  methods  described  above  enable 
the  values  of  the  principal  stresses  to  be  determined  at  any  place, 
there  are  as  yet  no  means  of  telling  the  directions  in  which  they 
act,  except  from  considerations  arising  from  the  symmetrical 
character  of  the  member  and  the  applied  load. 

Lines  of  Principal  Stress. — In  an  earlier  part  of  this  Lecture, 
reference  was  made  to  the  fact  that  any  state  of  stress  at  a  point 
in  a  plane  may  be  represented  by  a  pair  of  stresses  at  right  angles 
through  the  point.  If  a  simple  case  is  taken  of  a  plate  subjected 
to  tension  by  forces  uniformly  applied  at  its  ends,  the  state  of 
stress  in  the  body  may  be  imagined  as  being  represented  by 
equally  spaced  stress  lines  continued  throughout  the  plate,  and 
the  intensity  may  be  indicated  by  the  spacing,  and  the  kind  of 
stress  by  the  character  of  the  line  drawn.  If  another  stress 
system  is  applied  perpendicularly  to  the  first,  it  may  be  indicated 
in  the  same  manner,  and  the  condition  of  the  body  is  then  shown 
by  a  network  of  lines,  which  may  be  looked  upon  as  pulled  or 
pushed  according  to  the  circumstances  existing  in  the  body  due 
to  the  external  loading.  Such  simple  cases  do  not  often  occur,  but 
whatever  may  be  the  character  of  the  stress  distribution  in  a  plane, 
it  can  always  be  represented  conventionally  by  two  systems  of 
orthogonal  curves  spaced  in  some  manner  which  the  external 
loads  and  boundaries  of  the  plate  dictate.  If,  for  example,  two 
symmetricfilly  disposed  notches  are  cut  in  a  tension  member,  it  is 
clear  that  equally-spaced  tension  lines  above  and  below  must  be 
crowded  together  as  they  pass  the  narrow  neck,  and  those  at  the 
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sides  will  probably  come  closer  together  than  do  those  in  the 
centre,  thereby  indicating  a  high  stress  intensity  at  the  middle 
points  of  the  notches.  Lines  of  principal  stress  may  be  drawn 
from  the  data  provided  by  experiment,  if  advantage  is  taken  of  the 
property  possessed  by  stressed  material  of  causing  the  two  systems 
of  retarded  rays  to  vibrate,  one  in  the  direction  of  the  major 
principal  stress,  and  the  other  in  the  direction  of  the  minor 
principal  stress. 

Between  crossed  Nicol's  prisms  a  loaded  plate  shows,  in  general, 
dark  bands,  which  mark  the  positions  of  all  points  where  the 
directions  of  principal  stress  correspond  to  the  axes  of  the  polarizer 
and  analyser,  and  by  varying  the  angular  positions  of  these  latter 
a  series  of  bands  are  obtained,  each  corresponding  to  definite 
directions  of  the  axes  of  stress. 

If,  for  example,  the  case  of  a  simple  tension  member  is  taken 
with  notches  in  the  form  of  fine  cuts  in  it  on  each  side,  dark  bands 
are  observed  like  those  shown  in  Fig.  17  (A),  Plate  4,  and  these 
change  their  positions  as  the  axes  of  the  optical  apparatus  are 
rotated.  A  diagram.  Fig.  17  (B),  shows  the  centre  lines  of  a 
number  of  these  curves  with  the  directions  of  the  axes  of  stress 
marked  on  them.  If  lines  of  stress  at  some  distance  away  from 
the  slits  are  now  considered,  they  will  clearly  be  parallel  and 
perpendicular  to  the  sides  of  the  plate,  but  as  they  approach  the 
discontinuity,  they  must  bend  towards  the  centre  line  in  order  to 
pass  through  the  narrow  neck,  since  they  cannot  maintain  their 
continuity  in  any  other  way.  From  these  observations,  one  can  see 
how  they  are  actually  guided,  and  that  they  come  close  together  at 
the  extremities  of  the  slits,  and  produce  an  intense  stress  at  these 
points.  Other  lines  of  principal  stress  at  right  angles  to  the  first 
set  are  also  indicated  by  the  measurements,  and  the  two  systems 
give  a  kind  of  framework  diagram.  Fig.  17  (C),  which  shows  the 
direction  of  the  principal  stresses  at  any  point,  and  therefore 
completes  the  experimental  solution  of  the  problem.  The  stress 
distribution  in  a  plate  cut  to  a  required  form,  and  stressed  in  an 
arbitrary  manner  by  forces  in  its  own  plane,  is  therefore  capable  of 
solution  experimentally. 
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Shear  Stress. — It  is  immediately  obvious  that  a  great  variety  of 
problems  may  be  considered  by  the  methods  already  outlined,  and 
one  of  some  importance  in  practice  is  afforded  by  the  distribution 
of  shear  stress  over  a  rectangular  section.  This  problem  has  been 
examined  optically  by  methods  which  will  now  be  described.  In 
order  to  apply  a  uniform  shear  to  a  plate  of  transparent  material  a 


Fig.  18. — Testing  Machine  fitted  with  a  Rectangular  Frame  for  applying 
Shear  Stress  to  a  plate  of  transparent  material. 
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frame  was  constructed,  consisting  of  pairs  of  planished  steel  bars, 
gripping  the  long  sides  of  a  plate  of  xylonite,  and  pin-connected 
above  and  below  by  similar  and  equal  horizontal  bars.  The  general 
arrangement  of  this  frame  in  a  testing  machine  is  shown  in  Fig.  18, 
in  which  a  rectangular  frame  A  is  shown  suspended  by  a  bolt  B 
from   tlie  upper  s}ia(;kle  C  of  a   single-lever  testing  machine  of  the 
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Buckton  type,  and  a  central  pair  of  gripping  bars,  R,  attached  to 
the  lower  shackle  S,  load  the  plate,  so  that  the  equal  rectangular 
elements  T  on  each  side  of  the  centre  line  are  subjected  to  a 
uniformly  applied  shear.  For  applying  and  changing  loads  easily, 
a  spring  balance  D,  carried  by  the  outer  knife-edge  of  the  testing 
machine,  is  subjected  to  a  pull  by  a  wire  E,  which  latter  passes  over 
a  guide-pulley  to  a  nut  on  the  screw  F,  and  by  means  of  a 
hand  wheel  G  any  desired  load  can  be  obtained  in  a  few  seconds. 

In  order  to  examine  any  point  in  the  plate,  the  usual 
arrangements  of  a  pair  of  crossed  Nicol's  prisms  and  focussing 
lenses  were  employed,  and  an  arc  lamp,  provided  with  a  condensing 
lens,  was  used  to  give  a  beam  of  paralleled  light.  This  apparatus 
was  mounted  on  a  rising  and  falling  table  so  that  any  point  could 
be  brought  into  view.  In  the  final  measurements,  however,  a  large 
reflecting  polariscope  was  used  to  obtain  polarized  light  in  order  to 
illuminate  the  whole  plate  at  one  time,  and  thereby  avoid  waste  of 
time  in  adjustments.  The  measurements  of  the  intensity  of  shear 
produced  at  any  point  may  be  directly  estimated  by  the  colour 
effects  produced,  but  it  is  more  convenient  and  accurate  to  adopt 
a  zero  method  of  estimation,  by  using  an  independent  tension- 
member  set  along  the  lines  of  principal  compression  stress,  and 
loading  this  specimen  until  a  dark  field  is  produced.  The  relation 
between  the  tension  stress  T  in  the  calibration  member  and  the 
shear  S  at  a  point  in  a  plate  may  be  readily  inferred,  if  it  is 
remembered  that  a  pure  shear  is  measured  by  the  numerical  value 
of  one  of  the  principal  stresses  p  at  a  point,  and  since  the  other 
principal  stress  is  — p,  the  optical  effect  produced  corresponds  to  2p. 
A  measure  of  the  shear  stress  can  therefore  be  obtained  if  the 
caUbrating  tension  member  is  set  with  its  axis  in  line  with  the 
principal  stress  in  compression,  and  stressed  until  a  dark  field  is 
produced  of  the  maximum  intensity ;  the  stress  in  the  tension 
member  is  then  numerically  twice  that  of  the  shear  stress  S.  The 
apparatus  used  for  the  purpose  consisted  essentially  of  a  miniature 
testing-machine  with  an  L-shaped  frame  adjustably  clamped  to 
a  vertical  rod  and  pivoted  about  a  horizontal  axis.  A  pull  on 
the  test-piece  was  obtained  by  a  spring-balance,  one  end  of  which 
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engaged  with  the  main  lever,  and  the  other  was  secured  to  the  frame 
by  an  adjustable  nut.  The  lines  of  principal  stress  in  the  plate  were 
determined  very  approximately  by  methods  already  described,  and 
the  results  of  one  set  of  determinations  for  a  plate  2  inches  long  and 
1  inch  wide  are  shown  in  Fig.  19,  from  which  it  will  be  observed 
that  the  inclination  of  the  lines  of  stress  are  exactly  45°  to  the  line  of 


Lines  of  Principal  Stress 
in  a  Plate  subjected  to  Shear. 


Fig.  19. 


Arrangement  of  Shearing  Apparatus. 


pull,  except  very  close  to  the  ends.  It  was  therefore  found  convenient 
to  arrange  the  normal  position  of  the  tension  specimen  at  45°,  and 
to  provide  a  ready  means  of  altering  this  angle  as  required  by  the 
map  of  the  lines  of  principal  stress  shown  in  Fig.  19.  The  variation 
of  shear  stress  in  a  long  plate  was  determined  by  exploring  a 
central  vertical  section,  and    Fig.    20    gives    the    results    of   some 
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experiments  of  the  shear  stress  in  a  plate  10  inches  long,  1  inch 
wide  and  0*186  inch  thick.  Commencing  with  one  end,  it  will 
be  observed  that  the  stress  rises  very  rapidly  from  a  zero  value  at 
the  ends,  and  attains  a  maximum  value  at  rather  less  than  1  inch 
from  the  extremity,  and  it  then  slightly  lessens  in  value  until  at 
the  centre  a  minimum  value  is  reached.  When  the  length  is 
diminished  to  6  inches,  and  a  load  of  the  same  intensity  per  inch 
of  length  is  applied,  the  same  characteristic  features  are  obtained  of 
a  maximum  stress  near  the  ends  with  a  slight  decline  towards  the 
centre,  but  the  stresses  over  the  central  part  are  all  slightly  greater 
than  before.  The  same  efiects  are  produced  in  a  still  greater 
degree  when  the  length  is  reduced  to  4  inches,  all  other  conditions 
remaining  the  same,  and  they  are  still  more  marked  for  a  length  of 
3  inches.  With  a  still  further  reduction  to  2  inches,  a  critical 
condition  is  seen  to  be  imminent,  as  the  maximum  values  and 
minimum  values  are  now  close  together,  and  at  some  length  between 
this  and  IJ  inch  the  distribution  changes,  and  has  a  central 
maximum  only ;  it  is,  in  fact,  a  rough  approximation  to  a  parabola. 
A  further  and  last  reduction  to  a  length  of  1  inch  produces  a  fairly 
accurate  parabolic  distribution.  In  order  to  test  the  character  of 
this  distribution,  the  area  included  by  the  curve  of  shear  on  a 
1-inch  base  was  calculated  from  the  measurements,  and  a  true 
parabola  drawn  of  the  same  area,  and  upon  the  same  base.  The 
closeness  of  fit  showed  that  the  approximation  to  a  parabolic  form 
was  a  very  good  one  for  this  length.  For  greater  lengths  the 
agreement  was  found  to  be  less  close,  and  the  observations  showed 
that  a  parabolic  distribution  of  shear  is  only  true  within  narrow 
limits,  and  that  for  a  long  rectangular  section  the  distribution  of 
shear  is  approximately  uniform  over  the  greater  part  of  its  length 
with  a  rapid  fall  towards  the  ends.  The  colour  effects  confirm 
these  conclusions,  and  the  examples  of  stressed  plates  shown  in  the 
accompanying  Fig.  21,  Plate  4,  are  characteristic  examples  of  the 
distribution.  In  the  first  there  is  a  maximum  value  near  each  end 
separated  by  a  region  of  less  stress  intensity  at  the  centre,  but 
when  the  same  plate  is  diminished  in  length  sufficiently,  we  observe 
a  maximum  value  at  the  centre  with  a  fall  towards  the  ends,  and  the 
measurements  show  that  this  follows  a  parabolic  law  very  closely. 
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The  importance  of  determination  of  shear  stress  in  general  has 
also  been  emphasized  in  recent  years,  owing  to  researches  on  mild 
steel  and  other  metals  giving  results  which  appear  to  demonstrate 
that  such  materials  failed  by  shear.  As  has  been  seen,  the  colours 
produced  are  proportional  to  the  difference  of  the  principal  stresses, 
and  since  the  shear  stress  at  the  same  point  is  one  half  this 
difference,  the  images  give  quantitative  pictures  of  the  distribution 
of  shear  stress  in  a  stressed  body.  A  transparent  model  of  a  metal 
body,  subjected  to  similar  forces  to  the  original,  shows  therefore 
where  the  shear  stress  is  a  maximum,  and  one  can  determine  by 
inspection  where  such  points  exist. 

Further,  the  points  where  failure  takes  place  are  indicated  by 
the  transparent  material  becoming  opaque  owing  to  the  breakdown 
of  its  structure,  and  these  can  be  readily  ascertained  as  in  Fig.  22, 
Plate  4,  where  a  model  of  a  bracket  for  the  interior  of  a  railway- 
carriage  is  shown  after  an  overload ;  and  a  black  patch  is  observed 
on  its  lower  side  as  a  result  of  the  breakdown  of  the  structure.  A 
model  of  a  machine-part  may  be  tested  for  failure  in  this  way,  and, 
if  it  is  weak  at  any  part,  experiment  will  show  the  point  of  failure, 
and  will  also  give  some  indication  of  the  alteration  needed  in  the 
design  to  cope  with  the  imposed  load.  Experimental  work  now  in 
progress  indicates  that  information  of  a  useful  kind  may  be  obtained 
in  this  manner. 

It  would  not  be  difficult  to  supply  other  examples  of  the  value 
of  optical  tests,  but  the  cases  already  dealt  with  are  no  doubt 
sufficient  to  show  the  use  of  transparent  models  in  practical  work, 
while  it  is  hoped  that  nature's  drawings  of  stress  intensity  will 
appeal  especially  to  an  audience  accustomed  to  form  mental  pictures 
of  stress  distribution  in  the  machines  and  structures  they  are 
called  upon  to  devise  and  construct  for  present-day  needs. 

The  Lecture  is  illustrated  by  Plates  1  to  4  and  6  Figs,  in  the 
letterpress. 


The  Chairman  (Sir  H.  Frederick  Donaldson,  K.C.B.)  said  it 
was  perfectly  evident  that  no  words  of  his  were  required  to  invite 
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(Sir  H.  Frederick  Donaldson,  K.C.B.) 

the  members  to  pass  a  very  hearty  vote  of  thanks  to  Dr.  Coker  for 
his  extremely  interesting  Lecture.  He  (the  Chairman)  offered  to 
the  Graduates  his  most  sincere  congratulations  on  Dr.  Coker 
having  attended  before  them  at  considerable  inconvenience,  due  to 
temporary  ill-health.  Dr.  Coker  had  held  them  all  in  a  thrall,  not 
only  by  his  extremely  interesting  Lecture,  but  by  his  valuable 
stationary  and  moving  pictures.  Perhaps  it  was  not  realized  what 
an  enormous  amount  of  work  had  been  involved  in  the  Lecture, 
not  least  in  the  formation  of  the  models.  For  instance,  he  imagined 
there  must  ihave  been  a  great  amount  of  work  expended  on  the 
gear-wheels,  which  had  been  thrown  upon  the  screen,  before  they 
could  have  been  worked  with  anything  like  the  precision  which  had 
been  obtained ;  without  such  initial  care,  Dr.  Coker  would  not 
have  been  able  to  have  drawn  their  attention  to  the  fact  that  two 
pairs  of  teeth  were  in  bearing  surface  at  the  same  time. 

The  vote  of  thanks  was  carried  by  acclamation. 

Mr.  Martin  G.  Duncan,  in  proposing  a  vote  of  thanks  to  the 
Chairman,  said  he  had  heard  the  Chairman  say  previously  to  the 
Meeting  that  he  had  hurried  from  the  finest  debating  society  in  the 
world  in  order  to  act  as  Chairman.  He  (Mr.  Duncan)  thought 
that  showed  that  the  Graduates'  Association  had  a  great  magnetic 
power.  It  was  satisfactory  to  see  how  well  the  Chairman  was 
supported  by  other  Members  of  the  Council  who  were  great  friends 
of  the  Association.  He  thought  Meetings  like  the  present  were 
greatly  appreciated  by  both  Graduates  and  Members,  as  was  shown 
by  the  fact  of  the  large  audience. 

The  motion  was  put  and  carried  by  acclamation. 

The  Chairman,  in  reply,  said  Mr.  Duncan  had  referred  to  the 
finest  debating  society  in  the  world.  All  he  (the  Chairman)  cou  Id 
say  was  that  he  had  to  listen  there  occasionally — generally  twice  a 
Session — and  if  it  was  one-tenth  part  as  interesting  as  the  present 
Meeting  had  been,  Ik;  could  stand  it  very  well ;  but  he  could  assure 
them  that  he  found  it  sometimes  extremely  dull. 
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The  Sixty-Sixth  Annual  General  Meeting  was  held  at  the 
Institution  on  Friday,  14th  February  1913,  at  Eight  o'clock  p.m. 
The  Chair  was  taken  by  the  Retiring  President,  Edward  B. 
Ellington,  Esq.,  who  was  succeeded  by  Sir  H.  Frederick 
Donaldson,  K.C.B.,  the  President  elected  at  the  Meeting. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 


The  President  announced  that  the  following  five  Transferences 
had  been  made  by  the  Council : — 


Associate  Members  to  Members. 

HoDSDON,  George  Charles, 
Mell,  Stephen  Theodore, 
Montague,  Graham, 
Pettit,  Walter  Richard, 
Thomas,  Hugh  Blake,     . 


Dartford. 
London. 
Cairo. 
London. 
Bougie,  Algeria. 


The    following    Annual    Report     of     the    Council    was    then 
presented : — 
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ANNUAL   REPORT   OF   THE   COUNCIL 

FOR    THE   YEAR  1912. 

The  Council  have  pleasure  in  presenting  to  the  members  the 
following  Report  of  the  progress  and  work  of  the  Institution  during 
the  past  year. 

The  changes  which  have  taken  place  in  the  roll  during  1912  are 
shown  in  the  following  tabulated  statement : — 


Hon.  M. 

M.       A.M. 

A. 

G. 

Totals. 

Totals  at  31st  December  1911 

7 

2,550 

2,533 

56 

682 

710 

378 

5,828 

Elected 

Reinstated 

Transferred 

— 

119 
65 

365 
3 

2 

155 
1 

156 

Total  additions  during  1912 

— 

184 

368 

2 

Deceased 

Resigned 

Erased 

Graduates      elected) 

Associate  Members  . ) 
Graduates  retired  under  \ 

By-law  3.          .          ./ 
Elections  voided  . 
Transferred  . 

— 

37 
24 
18 

1 

9 
30 
49 

1 
63 

1 
1 

1 

17 

18 

67 

35 

5 
1 

Total  deductions  during  1912 

— 

80 

152 

3 

143 

Net  alterations  during  1912  . 

— 

+  104    +216 

-1 

+  13 

+  332 

Totals  at  31st  December  1912 

7 

2,654 

2,749 

55 

695 

6,160 
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His  Majesty  the  King  has  conferred  honours  upon  the  following 
Members  of  the  Institution : — The  Right  Hon.  Lord  Merthyr, 
K.C.V.O.,  has  been  promoted  to  be  a  Knight  Grand  Cross  of  the 
Royal  Victorian  Order  ;  Baronetcies  have  been  conferred  upon  Mr. 
Lionel  Phillips  and  Mr.  H.  L.  Tangye  ;  a  Knighthood  upon  Mr. 
Maurice  Fitzmaurice,  C.M.G.  ;  and  a  Companionship  of  the  Order 
of  the  Indian  Empire  upon  Mr.  Alfred  Chatterton. 


The  following   Deceases   of   members   of   the   Institution  were 
reported  during  the  year  : — 


1897.  Adams,  Edwin  1861. 
1865,  Alleyne,  Sir  John  G.  N.,  Bart. 

1902.  Andrews,  Thomas  1866. 
1892.  AuLT,  Edwin  1904. 
1905.  Austin,  Edmund  George  1860. 
1896.  Barker,  Matthew  Wilson  1890. 

1903.  Begbie,  Thomas,  Sen.  1895. 
1888.  Beldam,  Asplan  1901. 
1891.  Bird,  George  1896. 
1895.  Boorman,  Joseph  Ashworth  1877, 

1881.  BuLKLEY,  Henry  Wheeler  1868. 

{Deceased  1911)  1910. 

1894.  Davey,  Edward  E.  G.  (A.M.)  1891. 

1880.  DoDD,  John  1867. 

1886.  Drummond,  Dugald  1900. 

1901.  Dunn,  James  1885. 
1908.  Edwards,  John  Basil  {A.M.)  1898. 

1902.  Epps,  Laurence  G.  J.  {A.M.)  1882. 

1891.    FiNLAYSON,  FiNLAY 

1884.  Erampton,  Edwin  1907. 

1904.  Gutcher,  William  {A.M.)  1861. 
1870.  GwYNNE,  John  1904. 
1894.  Hadengue,  Charles  B.  {A.M.)  1889. 
1911.  Harrison,  Norman  {A.M.)  1882. 

1898.  HiPKiNS,  William  Edward  1879. 
1880.  Hodgson,  Charles  1882. 

1882.  IEoward,  John  William  1910. 
11X)1.  Howe,  Henry  Bryant  1896. 
1902.  Hyde,  George  {A.M.) 


Johnson,  Samuel  Waite 

{Past-President) 
Kershaw,  John 
Lawes,  George  Elliot 
Lea,  Henry  {Member  of  Council) 
Ledingham,  John  Machray 
Lumsden,  Thomas  T.  M. 
Macdonald,  FitzCharles 
McPherson,  Stewart 
Marshall,  William  Bayley 
Matthews,  Thomas  Bright  (.4.) 
Meiklejon,  John  Harley  {A.M.) 
Middleton,  Robert 
Oughterson,  George  Blake 
Pendred,  Vaughan 
Phillips,  Charles  David 
PowRiE,  William 
Heay,  Thomas  Purvis 

{Member  of  Council) 
Russell,  Robert  Millar  {A.M.) 
Scott,  Walter  Henry 
Smith,  Walter  Henry 
Souter-Robertson,  David 
Swinburne,  Mark  William 
Tartt,  William 
Thornton,  Hawthorn  Robert 
TuRVEY,  William  J.  W.  {A.M.) 
Wood,  Walter  Chapman 
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Of  these,  Mr.  Johnson  was  elected  a  Member  of  Council  in  1884, 
a  Vice-President  in  1895,  and  President  in  1898;  Mr.  Lea  was  a 
Member  of  Council  in  1898  and  1899,  and  from  1902  onwards;  and 
Mr.  Reay  was  a  Member  of  Council  from  1906.  Mr.  Andrews, 
Mr.  Harrison,  and  Mr.  Hipkins  were  lost  in  the  lamentable  disaster 
to  the  S.S.  "  Titanic." 

The  Council  also  regret  to  announce  the  decease  of  Mr.  James 
S.  Beale,  who,  during  the  last  thirty-five  years,  has  been  their 
trusted  legal  adviser. 

The  Accounts  for  the  year  ended  31st  December  1912  are 
submitted  (see  pages  116  to  121),  having  been  duly  certified  by 
Mr.  Robert  A.  McLean,  F.C.A.,  the  Auditor  appointed  by  the 
members  at  the  last  Annual  General  Meeting. 

The  total  revenue  for  the  year  1912  was  £16,949  lis.  2d., 
while  the  expenditure  (less  X400  reserved  in  the  previous  year 
for  accounts  since  paid)  was  .£13,343  15s.  Od.,  leaving  a  balance  of 
revenue  over  expenditure  of  £2,895  16s.  2d.,  exclusive  of  Entrance 
Fees  <£636  and  Life  Compositions  <£74  carried  direct  to  Capital 
Account.  The  financial  position  of  the  Institution  at  the  end  of 
the  year  is  shown  by  the  balance  sheet.  The  total  investments  and 
other  assets  amount  to  £109,160  3s.  2d.,  and,  deducting  therefrom 
the  £34,025  of  debentures,  and  other  liabilities,  including  the  sum 
set  aside  for  the  Leasehold  and  Debenture  Redemption  Fund, 
the  capital  of  the  Institution  amounts  to  £64,237  9s.  2d.  The 
certificates  of  the  securities  have  been  duly  audited  by  the  Finance 
Committee  and  the  Auditor. 

During  the  Summer  the  Institution  was  invited  to  join  with 
the  other  Engineering  Societies  of  the  British  Empire  and  of 
the  United  States  of  America  in  raising  a  fund  for  the  purpose 
of  erecting  in  Westminster  Abbey  a  memorial  window  to  the 
late  Lord  Kelvin,  Honorary  Life  Member.  A  Committee  of 
representatives  of  the  various  Institutions  concerned  has  been 
formed,  and  the  Memorial  is  being  prepared  under  its  direction. 
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The  Willans  Premium,  for  the  best  Paper,  published  in  the 
Proceedings  1907-12  inclusive,  dealing  with  the  utilization  or 
transformation  of  energy,  treated  especially  from  the  point  of 
view  of  efficiency  or  economy,  has  been  awarded  to  Professor 
Bertram  Hopkinson,  F.R.S.,  Member,  for  his  Papers  on  "The 
Indicated  Power  and  Mechanical  Efficiency  of  the  Gas-Engine" 
and  "The  Effect  of  Mixture  Strength  and  Scavenging  upon 
Thermal  Efficiency,"  published  in  the  Proceedings  1907  (page  863) 
and  1908  (page  417).  The  next  Award  by  this  Institution  will 
be  made  in  February  1919.  (The  Declaration  of  Trust  is  reprinted 
on  page  124.) 

The  Third  Award  of  the  Water  Arbitration  Prize,  the 
Regulations  for  which  were  included  in  the  last  Annual  Report 
(Proceedings  1912,  page  102),  has  been  made  to  Mr.  L.  Zodel*  for 
his  Paper  on  "  High-Pressure  Water-Power  Works,"  which  was 
read  and  discussed  at  the  Ziirich  Summer  Meeting,  and  is  pubKshed 
in  Proceedings  1911  (page  617).  (The  Regulations  for  the  Fourth 
Award  in  February  1915  are  printed  on  page  123.) 

The  Second  Award  from  the  Bryan  Donkin  Fund,  amounting 
to  £34:  6s.  Sd.,  has  been  made  to  Mr.  William  Mason,  Associate 
Member,  in  aid  of  his  Research  upon  "The  Resistance  of  Mild 
Steel  to  repeated  Applications  of  Cycles  of  Alternate  Bending  and 
Torsion,"  being  a  continuation  of  the  Research  described  in  his 
Paper  upon  "  Mild-Steel  Tubes  in  Compression  and  under  Combined 
Stress"  (Proceedings  1909,  page  1205).  (The  Regulations  for  the 
Third  Award  in  February  1916  are  printed  on  page  123.) 

The  extension  of  the  Institution  House  has  proceeded  as  far 
as  the  circumstances  permitted,  but  tliere  has  boon  regrettable 
delay.  Such  alterations  as  were  necessary  to  the  Meeting  Hall 
were    completed    during   the    Summer,    and    the   regular    monthly 


*  The  Council  record  with  much  regrot  that  Mr.  Zodel  died  a  few  days 
after  this  Award  had  been  made. 
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Meetings  have  been  held   therein  as  usual.     It  is  hoped  that  the 
whole  building  will  be  ready  for  occupation  next  Summer. 

The  Memorandum  and  Articles  of  Association  in  connection 
with  the  Benevolent  Fund,  to  which  reference  was  made  in  the 
last  Annual  Report,  have  been  prepared.  It  is  hoped  that  all 
members,  either  themselves  or  through  the  firms  with  which  they 
are  connected,  will  assist  to  establish  the  Fund  on  a  secure  basis  by 
liberal  annual  subscriptions.  A  copy  of  the  Rules  will  be  issued 
to  each  member  shortly. 

In  pursuance  of  the  Resolution  passed  at  the  last  Annual 
General  Meeting,  the  Council  have  further  considered  the 
proposal  to  establish  Examinations  for  Graduateship  and 
Associate  Membership,  and  submit  herewith  full  particulars  of 
the  Scheme  as  finally  adopted  by  them  (Appendix,  pages  147-161). 
The  members  will  be  asked  to  signify  their  approval  thereof  at 
the  Annual  General  Meeting. 

The  Tenth  Report  of  the  Alloys  Research  Committee,  dealing 
with  the  alloys  of  Aluminium  and  Zinc,  was  presented  at  the  April 
and  May  Meetings  in  London.  It  closed  with  a  short  Appendix 
upon  a  ternary  alloy  of  Aluminium,  with  Zinc  and  Copper.  Work 
has  been  continued  at  the  National  Physical  Laboratory  upon  the 
latter  subject,  giving  special  attention  to  the  lighter  end  of  the 
series,  and  the  results  of  the  investigations  will  be  recorded  in 
the  next  Report. 

A  suggestion  having  been  received  from  a  Member  for  a 
Research  upon  the  Amount  of  Contraction  of  Crucible  Cast- Steel 
in  Hardening,  applied  more  particularly  to  Screw-Threads,  the 
Council,  early  in  the  year,  decided  to  assist  Professor  J.  O. 
Arnold,  F.R.S,,  and  Professor  A.  A.  Read  in  an  investigation 
which  they  had  already  begun  in  Cardifi*  upon  the  Double 
Carbides  of  Iron,  Tungsten  and  Nickel.  The  results  will  be 
communicated  to  the  Institution  in  due  course. 
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Important  Papers  have  been  submitted  for  discussion,  with  a 
view  to  ascertaining  whether  useful  Eesearches  could  be  initiated 
in  connection  with  "  The  Action  of  Steam  passing  through  Nozzles 
and  Steam  Turbines  "  and  "  Refrigerating  Machinery,"  two  of  the 
principal  subjects  suggested  by  members  in  1906  as  suitable  for 
further  Research.  A  suggestion  for  a  Research  upon  "  The 
Conditions  that  affect  the  Durability  of  Wire  Ropes  "  is  under  the 
consideration  of  the  Council. 

In  consequence  of  the  suggestions  made  by  members  on  the 
presentation  of  the  last  Annual  Report,  efforts  have  been  made 
to  ascertain  what  additional  facilities  are  desired  by  provincial 
members.  Inquiries  were  made  by  the  Council,  and  several  hundreds 
of  replies  have  been  received  from  members  in  nine  centres  outside 
London  An  analysis  thereof  indicated  that  there  was  not  sufficient 
demand  to  warrant  any  drastic  change  in  the  established  practice  of 
the  Institution. 

It  has  been  decided  that  an  Annual  Lecture  might  with 
advantage  be  instituted,  to  be  given  either  in  London  or  elsewhere, 
as  may  from  time  to  time  be  found  desirable.  Mr.  Charles  Hawksley, 
Member,  has  consented  to  allow  his  gift  to  the  Institution  in  memory 
of  his  Father,  a  Past- President,  to  be  used  for  this  purpose.  It  is 
hoped  that  the  first  "  Thomas  Hawksley  "  Lecture  may  be  delivered 
in  the  course  of  1913. 

The  Council  were  glad  to  be  able  to  accede  to  an  application 
from  the  Institution  of  Civil  Engineers  to  hold  their  weekly 
Meetings  at  Storey's  Gate  during  the  erection  of  their  new  building. 
Similar  facilities  have  also  been  granted  to  the  Institution  of 
Automobile  Engineers  and  the  Institute  of  Metals. 

The  Summer  Meeting  was  held  in  Belfast  on  30th  July- 
2nd  August.  A  Reception  Committee,  consisting  of  members 
residing  in  the  north  of  Ireland  and  otlior  inllucutial  gentlemen, 
was  presided  over  by  the  Right  Hon.  the  Lord  Mayor  of  Belfast, 
Councillor  R.    J.    M'Mordie,    while    Mr.  S.  C.    Davidson,  Member, 
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and  Mr.  Bowman  Malcolm,  Member^  acted  as  Joint  Honorary 
Loftil  Secretaries.  With  the  help  of  the  local  members,  visits  were 
arranged  to  various  Works  and  places  of  interest  in  Belfast  and 
neighbourhood,  also  to  Bangor,  Portrush,  Giant's  Causeway,  and 
Newcastle.  The  attendance  at  the  Meeting  included  229  members, 
37  visitors,  and  90  ladies. 

Monthly  Meetings  were  held  throughout  the  year  with  the 
exception  of  May,  June,  August,  and  September.  These  Meetings 
were  occupied  with  the  reading  and  discussion  of  the  following 
Papers,  and  the  discussion  in  February  of  the  Annual  Report 
for  1911  and  the  proposed  initiation  of  Examinations: — 

The  Evolution  and  present  Development  of  the  Turbine-Pump ;  by  Edward 

Hopkinson,  D.Sc,  Member  of  Council^   and  Alan  E.  L.  Chorlton, 

Member. 
The  Diesel  Oil-Engine,  and  its  industrial  Importance,  particularly  for  Great 

Britain  ;  by  Dr.  Budolph  Diesel. 
Tenth    Report    to    the    Alloys    Research    Committee :    On    the    Alloys    of 

Aluminium  and   Zinc   (with   an   Appendix   on   a  Ternary  Alloy  of 

Aluminium  with  Zinc  and  Copper) ;  by   Walter  Rosenhain,  D.Sc, 

and  S.  L.  Archbutt. 
Rolling  Stock  on  the  principal    Irish   Narrow-Gauge  Railways ;    by  R.  M. 

Livesey,  Member. 
New  Graving  Dock,  Belfast :  Mechanical  Plant  and  General  Appliances  ;  by 

W,  Redfern  Kelly. 
The  Evolution  of  the  Flax  Spinning  Spindle ;  by  John  Horner. 
Wire  Ropes  for  Lifting  Appliances,  and  some  Conditions  that  afiect  their 

Durability ;  by  Daniel  Adamson,  Member. 
Reciprocating    Straight-Blade     Sawing-Machines ;    by    Charles    Wicksteed, 

Member. 
Commercial  Utilization  of  Peat  for  Power  Purposes ;  by  H.  V.  Pegg. 
Characteristic  Dynamical  Diagrams  for  the  Motion  of  a  Train  during  the 

Accelerating  and  Retarding  Periods;    by  Professor  W.  E.   Dalby, 

Member. 
Vapour-Compression    Refrigerating    Machines ;    by    J.    Wemyss   Anderson, 

M.  Eng,,  Member. 
A  Contribution    to   the   Theory   of  Refrigerating  Machines ;    by    John   H, 

Grindley,  D.Sc,  Member. 
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The    following    Papers   were   accepted    for    publication   in   the 
Proceedings : — 

Recent  Researches  at  the  National  Physical  Laboratory,  Teddington ;  Report 

of  Lecture  to  the  Graduates  by  T.  E.  Stanton,  D.Sc. 
The  Diesel  Oil-Engine  (abridged) ;  by  Herbert  S.  Pursey,  Associate  Member 

(with  abridged  Discussion  before  the  Calcutta  and  District  Section). 
Measurement  of  the  Air-Supply  to  Internal-Combustion  Engines,  by  means 

of  a  Throttle-Plate ;   by  Professor  William  Watson,  D.Sc,  F.R.S., 

and  Herbert  Schofield,  Associate  Member. 
The  Modulus  of  Elasticity,  and  its  relation  to  other  Physical  Quantities ;  by 

A.  H.  Stuart,  B.Sc. 

In  view  of  the  difficulty  of  discussing  orally  Papers  dealing  with 
certain  important  but  intricate  subjects,  the  Council  have  decided 
to  accept  certain  Papers  for  publication  in  the  Proceedings  with 
discussion  and  reply  in  writing  only.  The  following  is  the  first 
Paper  to  be  so  treated  : — 

Theory  and  Experiment  in  the  Flow  of  Steam  through  Nozzles  ;  by  Professor 
J.  B.  Henderson,  D.Sc. 

A  complete  General  Index  of  the  Proceedings  1901-10  has 
been  printed  and  a  copy  forwarded  to  each  member. 

The  Council  desire  to  thank  those  members  and  others  who 
have  made  presentations  to  the  Library.  A  complete  list  of 
additions  will  be  found  on  pages  126-46.  The  advantages  of  the 
Library  are  becoming  more  widely  appreciated  by  members,  and 
further  steps  have  been  taken  to  render  the  information  therein 
more  accessible  to  readers.  A  considerable  number  of  members 
have  made  use  of  the  facilities  for  searches  in  the  Library. 
During  the  year  616  books  were  loaned  to  members,  and  116 
searches  for  special  information  were  made  by  the  staff  on  behalf 
of  members.  Further  progress  has  been  made  with  the  new  card- 
catalogue  of  books  and  pamphlets. 

Arrangements  have  been  made  to  obtain  duplicate  copi(!8  of  the 
Proceedings  of  several  kindred  Engineering  Institutions   for  loan 

purposes. 

Monthly  announcements  of  the  books  and  pamphlets  added  to 
the  Library  have  heeu  made  to  the  members. 
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Mr.  S.  AVayland  Iverslmw  presented  a  sum  of  .£50  for  the 
purchase  of  books  for  the  Library,  in  memory  of  his  brother,  the 
late  Mr.  John  Kershaw,  Memher. 

Referring  to  the  efforts  which  were  made  to  obtain  the  opinion 
of  members  on  the  proposal  for  the  publication  of  Mechanical 
Engineering  Abstracts,  by  the  Institution,  mentioned  in  the  last 
Annual  Report,  it  was  found  that  the  amount  of  support  indicated 
by  the  replies  was  quite  inadequate  to  warrant  the  Institution 
proceeding  w^ith  this  proposal.  The  members  were,  however, 
informed  on  2nd  July,  that  the  Council  desired  to  aid,  as  far  as 
possible,  in  rendering  available  the  information  obtainable  from  the 
Library ;  and  any  member  who  wished  to  be  referred  to  definite 
articles  in  periodical  technical  literature  was  invited  to  send  the 
precise  nature  of  his  requirements  to  the  Institution,  when  every 
effort  would  be  made  to  supply  him  with  references.  The  attention 
of  members  was  also  drawn  to  five  periodical  publications  (mainly 
indexes)  dealing  with  the  contents  of  contemporary  journals  and 
proceedings. 

The  Institution  during  the  year  has.  been  represented  on  the 
following  Organizations  : — 

Courts  of  the  Universities  of  Bristol,  Liverpool,  and  Sheffield. 
Governing    Body    of    the    Imperial    College    of    Science    and 

Technology. 
National  Physical  Laboratory. 

Engineering  Standards  Committee,  and  Sectional  Committees. 
School  of  Metalliferous  Mining  (Cornwall). 
Committee  on  the  Nomenclature  of  Non-Ferrous  Alloys. 
Conference  arranged  by  the  Association  for  the  International 

Interchange  of  Students. 
International  Smoke  Abatement  Exhibition,  London,  May  1912. 
Optical  Convention,  London,  June  1912. 
Celebration  of  the  250th  Anniversary  of  the  Foundation  of  the 

Royal  Society,  July  1912. 
Sixth  Congress  of  the  International  Asso-    1      Washington 

ciation  for  Testing  Materials.  I  and 

Eighth   International  Congress  of   Applied    |       New  York, 

Chemistry.  )  September  1912. 

International  Road  Congress,  London,  June  1913. 
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International      Congress     of      Mining,      Metallurgy,     Applied 

Mechanics  and  Practical  Geology,  London,  1915. 
Kelvin  Memorial. 

The  Calcutta  and  District  Section  of  the  Institution  (comprising 
71  Members)  continued  their  Meetings  during  the  Session  1911-12. 
Owing  to  the  visit  of  His  Majesty  the  King-Emperor  to  India,  no 
fixtures  were  arranged  for  the  early  part  of  the  Session,  but  the 
following  local  Papers  were  subsequently  read  and  discussed  : — 

The  Diesel  Oil-Engine,  by  H.  S.  Pursey,  Associate  Member.     (January.) 
Lubricants  and  Lubrication ;  by  J.  M.  Caldwell,  Associate  Member.     (March.) 

Visits  were  made  to  the  Rifle  Factory  at  Ishapore  and  to  the 
Oriental  Gas  Co.'s  Works  in  Calcutta.  The  Annual  Dinner  was 
held  on  12th  January,  when  over  100  Members  and  guests  were 
present.  A  further  grant  of  X25  (for  1912)  has  been  made  from 
the  Institution  funds  towards  the  expenses  of  the  Section.  Mr. 
James  Wyness,  Associate,  again  acted  as  Chairman,  and  Mr.  A. 
Dryden,  Member,  is  Honorary  Secretary  and  Treasurer.  Mr. 
Pursey's  Paper,  with  discussion,  was  selected  by  the  Council  for 
publication  in  a  condensed  form  in  the  Proceedings. 

The  Graduates  held  monthly  Meetings  during  the  Session 
1911-12.  At  the  February  Meeting,  Dr.  T.  E.  Stanton  delivered 
a  Lecture  on  "Recent  Researches  at  the  National  Physical 
Laboratory."  In  June,  six  Works  at  Leeds,  Doncaster,  and 
Bradford  were  visited.  Seven  other  Visits  took  place  to  Works 
in  and  around  London,  and  the  Annual  Dinner  was  held.  The 
average  attendances  of  Graduates  were  30  at  the  Meetings  and 
27  at  the  Visits.     The  following  Papers  were  read  and  discussed : — 

The  Advantages  of  the  Steam  Turbine  as  compared  with  the  Reciprocating 

Engine ;  by  W.  A.  Hatch. 
Modem  Locomotives ;  by  James  Brander. 
The  Printing  Press  and  Kindred  Machines ;  by  R.  H.  Briggs. 
Oil  Engines ;  by  G.  K.  Dalkin. 

The  Purification  and  Softening  of  Water ;  by  R.  D.  McGroarty. 
Steam  Tractors ;  by  Frederic  Burgo. 
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Steam  v.  Electricity   for   Eailway   Traction;    by  E.   B.   W.  Maitland   and 

W.  P.  F.  Fanghanel. 
English  and  American  Running  Sheds ;  by  Percy  McCallum. 

Prizes  for  the  best  Papers  have  been  awarded  by  the  Council 
to  Mr.  Dalkin  and  Mr.  McGroarty. 

Those  Graduates  residing  beyond  the  reach  of  the  London 
Meetings  have  welcomed  invitations  to  attend  local  Meetings  and 
Debates  extended  to  them  by  the  Engineering  Societies  of  the 
Universities  of  Birmingham,  Bristol,  Edinburgh,  Glasgow,  Liverpool, 
and  Manchester,  and  of  the  University  College  of  South  Wales 
and  Monmouthshire,  and  Armstrong  College,  Newcastle-on-Tyne. 
The  Council  gratefully  acknowledge  this  continuation  of  the 
invitations  of  previous  years. 


It  is  intended  to  hold  the  next  Summer  Meeting  in  Cambridge 
at  the  end  of  July. 

The  result  of  the  Ballot  for  the  election  of  President,  two  Vice- 
Presidents,  and  six  Members  of  Council,  to  fill  vacancies  caused  by 
retirement,  will  be  announced  at  the  Annual  General  Meeting. 
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Dr.        ACCOUNT   OF   REVENUE   AND   EXPENDITURE 

Expenditure. 

£     s.  d.       £       s.  d. 
To  Expenses  of  Maintenance  and  Management — 

Salaries  and  Wages 3,836  10    0 

Postages,  Telegrams,  and  Telephone    .     .     .       898  13    4 

Heating,  Lighting,  and  Power 110  10     1 

Fittings  and  Repairs 24  13  11 

Housekeeping 135  19    0 

Incidental  Expenses 92    6    6 

5,098  12  10 


Printing,  Stationery,  and  Binding — 

Prijiting  and  Engraving  Proceedings  .      .      .  2 ,  255  9    0 

General  Index  1901-10 451  9  11 

Stationery  and  General  Printing  ....       936  6    9 

Binding 146  1    0 


Rent,  Rates,  Taxes,  &c. — 

Ground  Rent  {Instit2ition) 875  17     2 

Do.        Storey's  Gate  Tavern     ...  220  19    3 

Do.        No.  5  Princes  Street      .     .     .  135    0    0 

Bates  and  Taxes 838    6    8 

Insurance  {including  National  Health  con- 
tributions £4  lis.  4d.) 42  15 


3,789    6    8 


2,112  18    3 


Meeting  Expenses — 

Printing  and  Translations 401  12    6 

Travelling  and  Incidental  Expenses    .     .     .  222    3  10 

Reporting 71  15    5 


695  11    9 


Dinner  Expenses 123  19  10 

Calcutta  and  District  Section 25    0    0 

Graduates'  Prizes 9  19     2 

Books  purchased 69    6  10 

Debenture  Expenses 47  19    0 

Law  Charges 22    6     4 

Expenses  in  connection  with  Research  Committees      .      .      .  279    8    6 

Depreciation  on  Furniture  and  Fittings 104     7     0 

Debenture  Interest 1.364  19  10 


Total  Expenditure 13,743  15  0 

Less  Reserve  in  previous  year  for  accounts  since  paid  .     .       400    0  0 

13,343  15  0 

Entrance  Fees,  carried  to  Capital  Account  {per  contra)      .     .       636    0  0 

Life  Compositions,  carried  to  Capital  Account  {per  contra)     .         74    0  0 

Balance,  being  excess  of  Revenue  over  Expenditure  (oxclusivo 
of  value  of  Subscriptions  in  arrcar),  carried  to  Balance 

Sheet 2,895  16  2 

£16,949  11  2 
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FOR   THE   YEAR   ENDED   31st   DECEMBER    1912.       Cr. 

Bevenue. 

£        s.   d. 
By  Subscriptions  for  1912 13,923  10    0 

„   Subscriptions  in  arrear,  paid  in  1912 939  10    0 

„   Entrance  Fees  for  1912 636    0    0 

„   Life  Compositions 74    0    0 

£     s.  d. 

„   Rent  of  Upper  Floor  of  Institution  Building  .     .     428    2  6 

Income  Tax  (1910-11-12)  refunded     .      .       65  12  6 

„   Rent  of  Storey's  Gate  Tavern 10    0  0 

Income  Tax  (1911)  refunded     ....        8  12  6 

512    7    6 
Less  Compensation  Fund  Charge,  &c.  ...       26    0    4 

486    7    2 

„   Interest,  &c.  (exclusive  of  Trust  Funds) — 

From  Investments  and  De;posits  at  Bank 630  14    0 

„   Reports  of  Proceedings — 

Extra  Copies  sold 208  15    0 

„   Donation  to  Library        50    0    0 

„  Debenture  Transfer  Fees 0  15    0 


£16,949  11    2 
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Br.  BALANCE   SHEET 

£        s.    d.      &      s.    d. 
To  4%  Debentures  (1912  Issue)  :— 

321  Debentures  of  £100  each 32,700    0    0 

23  Debentures  of  £50  each 1,150    0    0 

7  Debentures  of  £25  each 175    0    0 

34,025    0    0 

„   Sundry  Creditors — 

Accounts  owing  at  31st  Dec.  1912  ....       1,655    5    0 
Unclaimed  Debenture  Interest   {coicpons  not 

presented) 321    4    3 

1,976    9    3 

,,   Subscriptions  paid  in  advance 182  10    0 

„   Trust  Funds  (see  pages  120and  121),  per  contra  — 

WiUans  Premium  Fund 179  11     0 

Water  Arbitration  Prize  Fund     ....  538  15  11 

Bryan  Donkin  Fund 391  15    7 

Starley  Premium  Fund 467     5    0 

1,577    7    6 

„  Sinking  Fund  set  aside  for  Eedemption  of 
Debentures  and  Institution's  Leasehold 
Property 7,161    7    3 

„  Balance,  being  Capital  of  the  Institution, 
exclusive  of  the  Sinking  Fund  : — 

Balance  at  31st  Dec.  1911 60,63113    0 

Add— 

Excess  of   Revenue   over  Expenditure 
for  the  year  ended  31st  Dec.  1912       .     2,895  16    2 

Amount  received  from  Entrance  Fees 
during  1912 .         636    0    0 

Amount  received  from  Life  Compositions 

during  1912 74    0    0 

64,237    9    2 

£109,160    3    2 


Signed  by  the  following  Members  of  the  Finance  Committee : — 


H.  F.  Donaldson  (Chairman). 
W.  H.  Maw. 


H.  S.  Hele-Suaw. 
11.  A.  Ivatt. 


11.  KiALL  Sankey. 
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AT   31ST   DECEMBER    1912.  Cr. 

By  Cash  (exclusive  of  Trust  Funds) —  £      s.     d. 

In  Union  of  London  and  Smiths  Bank —  £  s.  d. 

Deposited  at  Interest 6,700  0  0 

On  Current  Account 435  5  8 

„   Sinking  Fund  Account 183  2  1 

7,318    7    9 
In  the  Secretary's  hands 34  17    8 

7,353    5    5 

,,   Amount  in  Union  of  London  and   Smiths  Bank  to  meet 

unclaimed  Debenture  Interest  {coupons  not  presented)  .      .       321     4     3 

,,  Investments  {of  which  £7,161  7s.  Sd.  has  been  set  aside  for 
Bedemption  of  Debe7itures  and  the  Institution's  Leasehold 
Property) Cost  15,137  15    0 

£       s.   d. 
5,408    0    0  L.  and  N.  W.  By.  3%  Debenture  Stock. 
5,080  12    0  Midland  By.  2J%  Debenture  Stock. 
2,781  10    8  Metropolitan  Water  {B)  3%  Stock. 
2,709     3     4  2^%  Consols. 
1 ,  370    0    0  Loyidon  County  3t^%  Consolidated  Stock. 

674    0    0  L.&  S.  W.  By.  3%  Consolidated  Deb.  Stock. 
The  Market  Value  of  these  investments  at  ^Ist  Dec.  1912  was 
about  £,12>,Q69. 
,,    Subscriptions  in  arrear,  not  valued. 

,,   Furniture  and  Fittings  {less  depreciation) 939     3     6 

,,   Books  in  Library,  Drawings,  Engravings,  Models,  Specimens, 

and  Sculpture  {estimate  of  1893) 1 ,  340    0    0 

,,  Proceedings — stock  of  back  numbers,  not  valued. 

£        s.  d. 

,,   Institution  House Cost    60,270    2  10 

„   Princes  Street  Extension 22,221    4    8 

82,491    7    6 

„  Investments  and  Cash  in  Bank  on  account  of  Trust  Funds 
(see  pages  120  and  121),  per  C07itra —  £    s.   d. 

Willans  Premium  Fund 179  11     0 

Water  Arbitration  Prize  Fund 538  15  11 

Bryan  Donkin  Fund 391  15    7 

Starley  Premium  Fund 467    5    0 

1,577    7    6 

£109,160    3    2 


I  have  examined  the  above  Balance  Sheet  and  report  that  I  have  obtained 
all  the  information  and  explanations  I  have  required.  In  my  opinion  such 
Balance  Sheet  is  properly  drawn  up  so  as  to  exhibit  a  true  and  correct  view  of 
the  state  of  the  Institution's  affairs  according  to  the  best  of  the  information 
and  explanations  given  to  me  and  as  shown  by  the  Books  of  the  Institution. 

KoBERT  A.  McLean,  F.C.A., 
Auditor, 
lAth  January  1913.  1  Queen  Victoria  Street,  London,  E.G. 
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WILLANS   PREMIUM   FUND. 

(Under  a  Joint  Trust  with  the  Institution  of  Electrical  Engineers.) 
Investment  £159  8s.  5d.  of  India  3%  Stock    ....     cost    £165    5s.    Od. 


Dr. 

' 

Or, 

£    s.  d. 

£    s.   d. 

Balance,  held  in  trust   .   14    6    0 

By  Balance  from  1911   . 

.     9  10    8 

„   Interest,  1912     .      . 

.     4  15     4 

(iVb  Income  Tax 
dediLcted.) 

£14    6    0 

£14    6     0 

See  Balance  Sheet, 
(Declaration  of  Trust,  see  page  124.) 


WATER   ARBITRATION   PRIZE   FUND. 


Investment  £523  10s.  2d.  of  Metropolitan  Water  (B)  3%  Stock  cost  £500    0    0 


Br.  Or. 

£    s,  d.    \  £    s.  d. 

To   Award    to    Mr.    W.    R.  P^y  Balance  from  1911       .     53  11     9 

Eckart,  Jun.      .     .     31     8    0        ,,    Interest,  1912   .     .     .     14  15  10 

,,   Balance 38  15  11        ,,   Income    Tax    refunded, 

1911  and  1912      .      .     1  IG     4 


£70    3  11 


£70    3  11 


See  Balance  Sheet. 
(Regulations,  see  page  123.) 
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BRYAN   DONKIN   FUND. 

Investment  £349  15s.  8d,  of  London  County  3J%  Consolidated  Stock 

cost    £360    6s.     6^. 


Dr. 

Cr, 

£    s.  d. 

£    s.    d. 

To  Balance 

.      .     31    9     1 

By  Balance  from  1911 

18  10    1 

„  Interest,  1912  .     .      . 

11  10    4 

,,   Income  Tax  refunded, 

1911  and  1912    .     . 

18    8 

£31     9     1 

£31    9    1 

See  Balance  Sheet. 
(Regulations,  see  page  123.) 


STARLEY   PREMIUM   FUND. 

Investment  £435  8s.  5d.  of  London  County  3^%  Consolidated  Stock 

cost    £440    7s.     6d. 


Dr. 

Cr. 

£     s.   d. 

£    s.    d. 

To  Balance       .     . 

.     .     26  17    0 

By  Balance  from  1911 

10  15     6 

„   Interest,  1912  .     .     . 

14     7     4 

„   Income  Tax  refunded. 

1911  and  1912    .     . 

1  14     8 

£26  17     6 

£26  17     6 

See  Balance  Sheet. 
(Regulations,  see  page  122.) 
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Starley  Premium  Fund. 
Regulations.     The  Second  Award  will  be  made  in  February  1914. 

1.  The  name  of  the  Fund  shall  be  the  Starley  Premium  Fund. 

2.  The  amount  of  the  Fund  (about  £440)  shall  be  invested  in 
the  name  of  the  Institution  of  Mechanical  Engineers  in  a  trustee 
security,  with  power  to  vary. 

3.  The  income  derived  from  the  Fund,  after  payment  of  any 
expenses  incidental  to  the  administration  of  the  Fund,  shall  be 
presented  triennially  in  and  after  February  1911  for  the  best 
original  Paper  dealing  with  "  The  Development  of  Road 
Locomotion  "  published  in  the  Proceedings  of  the  Institution  of 
Mechanical  Engineers  during  the  previous  three  years :  it  being 
understood  that  the  premium  shall  not  be  awarded  unless  a  Paper 
of  sufficient  merit  in  the  judgment  of  the  Council  shall  have  been 
so  published  since  the  preceding  Award. 

4.  In  the  event  of  no  Award  at  the  end  of  any  triennial  period 
the  premium  available  for  that  Award  shall  be  added  to  the  capital 
of  the  Fund,  unless  during  the  ensuing  triennial  period  two  Papers 
of  sufficient  merit  and  dealing  with  "  The  Development  of  Road 
Locomotion  "  be  communicated,  in  which  event  the  Council  may, 
if  they  think  fit,  present  two  premiums. 

5.  The  premium  shall  be  awarded  in  any  form  which  the  Council 
may  from  time  to  time  determine. 
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Water  Arbitration  Prize. 
Regulations  for  the  Fourth  Award,  to  be  made  in  February  1915. 

1.  The  Award  will  be  made  for  the  best  original  Paper 
dealing  with  "  New  Investigations  in  Hydraulics,  or  New 
Developments  in  the  Distribution  of  Water  for  Town's  Supply 
or  Irrigation,  or  Advances  in  the  Utilization  of  Water  Power," 
accepted  by  the  Council  for  pubHcation  with  or  without  discussion 
in  the  Institution  Proceedings  of  1913  and  1914,  provided  that  the 
Paper  be  of  sufficient  merit  in  the  judgment  of  the  Council. 

2.  Papers  should  be  sent  in  as  soon  as  possible,  but  not  later 
than  1st  September  1914. 

3.  Papers  should  be  illustrated  by  scale  drawings,  but  may  be 
accompanied  by  photographs,  lantern-slides,  and  specimens. 

4.  Any  Paper  not  accepted  for  printing  in  the  Proceedings 
will  be  returned  to  the  Author. 

5.  The  Prize  will  have  the  value  of  about  .£30,  and  will  be 
accompanied  by  a  Certificate  bearing  the  seal  of  the  Institution. 


Bryan  Donkin  Fund. 
Kegulations.     The  Third  Award  will  be  made  in  February  1916. 

1.  The  Bryan  Donkin  Award,  consisting  of  the  interest  on  the 
sum  of  £360  6s.  6tZ.,  shall  be  made  triennially,  beginning  in  1910. 

2.  The  grant  or  grants  made  at  each  Award  shall  be  devoted  to 
assisting  original  research. 

3.  Every  three  years  the  Council  shall  direct  attention  to  the 
Bryan  Donkin  Fund,  and  shall  announce  that  on  a  convenient  date, 
to  be  fixed  by  them,  they  will  be  open  to  receive  from  those 
engaged  in  original  research  in  Mechanical  Engineering  apphcations 
for  grants  in  aid. 
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4.  All  appKcations  so  received  shall  be  considered  by  a  Committee 
specially  appointed  by  the  Council  for  that  purpose,  who  shall 
make  recommendations  to  the  Council  upon  the  apportionment 
of  the  sum  available.  If  this  Committee  shall  consider  that  none 
of  the  applications  is  deserving  of  a  grant,  or  that  the  sum 
available  is  in  excess  of  the  grants  which  it  is  desirable  to  make, 
they  shall  so  report  to  the  Council. 

5.  In  the  event  of  no  grant  being  made  or  the  grants  made 
amounting  to  less  than  the  sum  available,  the  surplus  shall  be 
devoted  to  aiding  the  Research  Committees  of  the  Institution 
and  shaU  be  distributed  in  such  proportions  as  the  Council  shall 
decide. 


WiLLANS  Premium  Fund. 

The  Eighth  Award  will  be  made  by  the  Institution  of  Mechanical 
Engineers  in  February  1919. 

Declaration  of  Trust. 

To  all  to  whom  these  presents  shall  come  The  Institution  of 
Mechanical  Engineers  and  The  Institution  of  Electrical  Engineers 
send  greeting.  Whereas  a  Fund  has  been  subscribed  by  the  friends 
of  the  late  Peter  William  Willans,  of  Thames  Ditton,  for  the 
purpose  of  commemorating  his  name  and  the  services  which  he 
rendered  to  Engineering  and  Electrical  Science  ;  and  at  the  request 
of  the  subscribers  to  the  said  fund  the  above-named  Institutions 
have  agreed  to  act  as  joint  Trustees  thereof,  and  the  sum  of  One 
hundred  and  sixty-five  pounds  has  accordingly  been  paid  to  the  said 
Institutions :  now  these  presents  witness  that  the  said  Institutions 
do  hereljy  declare  the  Trusts  upon  which  they  hold  the  said  fund  to 
be  as  follows  : — 

1.  To  invest  the  said  fund  upon  such  securities  as  trustees  are 
by  law  authorized  to  hold,  and  in  such  names  as  the  Councils  of  the 
two  Institutions  sliull  from  tinui  to  tinu;  direct. 
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2.  To  apply  the  proceeds  of  the  said  investment  as  and 
when  received,  after  payment  of  any  expenses  incidental  to  the 
administration  of  the  trust,  to  the  Premium  hereafter  described,  to 
be  known  as  "  the  Willans  Premium." 

3.  The  Willans  Premium  shall  be  awarded  alternately  by  the 
Council  of  each  of  the  above-mentioned  Institutions  ;  and  first  by 
The  Institution  of  Electrical  Engineers  in  December  1897. 

4.  The  Council  of  the  awarding  Institution  in  each  alternate 
period  shall  award  the  Willans  Premium  for  the  best  original  Paper 
communicated  to  their  Institution,  dealing  with  such  a  general 
subject  as  the  utilization  or  transformation  of  energy,  treated 
especially  from  the  point  of  view  of  efficiency  or  economy  :  provided 
that  the  Premium  shall  not  be  awarded  unless  a  Paper  of  sufficient 
merit  in  the  judgment  of  the  awarding  Council  shall  have  been  so 
communicated  since  the  preceding  award  of  that  Council. 

5.  The  Premium  shall  be  awarded  triennially  in  and  after 
December  1897,  unless  otherwise  determined  by  resolution  of  the 
respective  Councils  of  the  two  Institutions. 

6.  The  Premium  may  be  awarded  either  in  money  or  books  or 
medal,  or  in  any  other  form  which  in  the  instance  of  any  individual 
award  the  awarding  Council  may  then  determine. 

7.  In  the  case  of  no  award  at  the  end  of  any  triennial  period, 
the  premium  available  for  that  award  shall  be  added  to  the  capital 
of  the  fund. 
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LIST  OF  ADDITIONS  TO  THE  LIBRARY. 


BOOKS,  seep.  126. 

OFFICIAL  PUBLICATIONS,  seep.  130. 

PAMPHLETS,  seep.  132. 

DIRECTORIES,  ANNUALS,  dx.,  seep.  136. 

CALENDARS  and  COLLEGE  REPORTS,  see  p.  136. 

PHOTOGRAPHS,  see  p.  138. 

PUBLICATIONS  OF  SOCIETIES,  &c.,  seep.  138. 

PERIODICALS,  seep.  143. 

ADDITION  TO  MUSEUM,  seep.  146. 


BOOKS  {in  order  received). 
Centrifugal  Pumps :  Their  Design  and  Construction,  by  L.  C.  Loewenstein, 

Ph.D.,  and  C.  P.  Crissey ;  from  the  publishers. 
Text-Book  on  Motor  Car  Engineering,  Vol.  I :  Construction,  by  A.  G.  Clark 

(2  copies) ;  from  the  author  and  publishers. 
Married  Life,  Variously  Considered  at  Home  and  Abroad,  by  J.  W.  C.  Haldane  ; 

from  the  author. 
Illumination:   Its  Distribution  and  Measurement,  by  A.  P.  Trotter;   from 

the  author. 
A  Manual  of  Civil  Engineering  Practice,  by  F.  N.  Taylor. 
Power  House  Design,  by  J.  F.  C.  Snell ;  from  the  author. 
Memorial  Volume  commemorative  of  the  Life  and  Work  of  Charles  Benjamin 

Dudley,  Ph.D. ;  from  the  American  Society  for  Testing  Materials. 
Depreciation  and  Wasting  Assets  and  their  Treatment  in  Assessing  Annual 

Profit  and  Loss,  by  P.  D.  Leake ;  from  the  author. 
Colour  in  Woven  Design,  being  a  Treatise  on  the  Science  and  Technology 

of    Textile    Colouring,    by    Professor    Roberts    Beaumont  ;     from    the 

publishers. 
Rating  Locomotives,  by  H.  L.  Cole  ;  from  the  author. 
Electric   Machine    Design,    by  H.   F.   Parshall   and   H.   M.  Hobart;  from 

Mr.  William  H.  Maw,  LL.D. 
British   Engineering   Standards   Coded   Lists,  issued    by   authority    of    the 

Engineering    Standards    Committee,   Vol.    VI :    Material    used    in   the 

Construction    and    Equipment    of    Railways ;     also    Locomotive    Code, 

compiled  by  C.  S.  Lake  ;  and  Carriage  and  Wagon  and  Permanent  Way 

Codes,  compiled  by  Sidney  Stone ;  from  the  publishers. 
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Mechanical  Draft :   a  Practical  Treatise,  edited  by  W.  B.  Snow ;   from  the 

publishers. 
Explosions  of  Steam  Boilers :  How  they  are  Caused,  and  how  they  may  be 

Prevented,  by  J.  R.  Robinson,  1870 ;  Reports  to  the  Commissioners  of 

Metropolitan  Sewers  and  the  Commissioners  of  Sewers  for  the  City  of 

London  upon  the  Scheme   of  the    Great   London   Drainage   Company, 

1853,  by  J.  W.  Bazalgette,  William  Haywood,  and  others ;  Proceedings 

of    the   National  Conference    of   Electricians,    Philadelphia,   1884  ;     A 

Treatise  on  the  Coal  Fields  of  South  Wales,  by  Frederick  Moses  (1849) ; 

from  Mr.  R,  A.  Peddie. 
Diesel  Engines  for  Land  and  Marine   Work,  by  A.  P.  Chalkley,  with  an 

Introductory  Chapter  by  Dr.  Rudolf  Diesel ;  from  the  publishers. 
An  Introduction  to  the  Study  of  Fuel,  by  F.  J.  Brislee,  D.Sc. ;  from  the 

publishers. 
Liquid  Fuel  and  Its  Apparatus,  by  W.  H.  Booth ;  from  the  publishers. 
Railway    Signal    Engineering    (Mechanical),    by  L.    P.    Lewis ;    from    the 

publishers. 
Lectures  on   Superheating  on   Continental    Locomotives,   by  Professor    E. 

Sauvage. 
Motor  Bodies  and  Chassis :  A  Text-Book  dealing  with  the  Complete  Car,  for 

the  Use  of  Owners,  Students  and  others,  by  H.  J.  Butler  (Foreword  by 

the  Rt.  Hon.  the  Lord  Montagu  of  Beaulieu). 
Aitken's  Manual  of  the  Telephone,  by  W.  Aitken. 
The  Coming  of  Petroleum  ;  from  the  publishers. 
Internal   Combustion  Engines  (reprints  of  three  articles),  by  P.  R.  Allen  ; 

from  the  author. 
Cast  Iron  in  the  Light  of  Recent  Research,  by  W.H.Hatfield  ;  from  the  author. 
Modern  Brickmaking,  by  A.  B.  Searle. 
Modern  Soaps,  Candles  and  Glycerine,  by  L.  L.  Lamborn. 
Irrigation  :  Its  Principles  and  Practice  as  a  Branch  of  Engineering  (2nd  ed.), 

by  Sir  Hanbury  Brown,  K.C.M.G. ;  from  the  publishers. 
The  Energy-Diagram  for   Gas,    by    Professor    F.   W.   Burstall ;    from  the 

publishers. 
Die  Gasturbine,  by  Hans  Holzwarth. 

Industrial  Evolution  in  India,  by  Alfred  Chatterton ;  from  the  author. 
Technical  Dictionary  in  six  languages :  Vol.  X,  Motor  Vehicles,  &c. 
Stamp  Milling,  by  Algernon  del  Mar. 
Sewage  Sludge,  by  Alexander  Eisner,  Dr.  Fr.  Spiller,  —  Blunk,  and  Kenneth 

Allen. 
Dredges  and  Dredging,  by  Charles  Prelini. 
Water  Powers  of  Canada,  Maps  to  accompany  same,  by  L.  G.  Denis  and 

A.  V.  White ;  from  the  Canadian  Government. 
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The   Testing   of   Engines,    Boilers   and   Auxiliary   Machinery  (2nd   ed.),  by 

Professor  W.  W.  F.  Pullen  ;  from  the  author. 
Railways  or  No  Railways  :  Narrow  Gauge  v.  Broad  Gauge,  by  R.  F.  Fairlie 

(1872) ;  from  Mr.  F.  W.  Monks. 
The  Practical  Use  of  High-Speed  Tool-Steel,  by  J.  M.  Gledhill ;   from   Sir 

W.  G.  Armstrong,  Whitworth  and  Co. 
Notes  on  Railway  Signalling,  by  J.  Parsons  and  B.  W.  Cooke  ;    from  Mr. 

Joshua  Parsons. 
Elementary  Manual  on  Heat   Engines:    Steam,  Gas  and  Oil  (13th  ed.),  by 

Professor  Andrew  Jamieson ;  A  Text-Book  on  Steam  and  Steam  Engines, 

including  Turbines  and  Boilers,  Vol.  I  (17th  ed.),  by  Professor  Andrew 

Jamieson  ;  from  the  author  and  publishers. 
The  Elements  of  Engineering  Estimating,  by  A.  Suggate. 
Three-Phase  Transmission,  by  William  Brew. 
A  Dictionary  of  Chemistry,  Vols.  I,  II  and  III  (revised  ed.),  by  Sir  Edward 

Thorpe,  C.B.,  LL.D.,  F.R.S.  ;  from  Mr.  S.  W.  Kershaw  {see  page  113). 
Fire    Brigade    Handbook    (2nd    ed.),    by    J.   C.   Merryweather  ;    from    the 

author. 
Lubrication   and   Lubricants    (3rd   ed.),   by   Leonard   Archbutt   and  R.  M. 

Deeley  ;  from  the  authors. 
Steam  Boiler  Construction,  by  E.  G.  Hiller ;  from  the  author. 
Locomotive  Data ;  from  Mr.  L.  H.  Fry. 

The  Steam  Engine  and  Turbine,  by  R.  C.  H.  Heck ;  from  the  publishers. 
Practical  Design    of   Marine   Single-Ended   and   Double-Ended  Boilers,  by 

John  Gray  ;  from  the  publishers. 
The  Theory  and  Practice  of  Heating  and  Ventilation,  by  A.  H.  Barker. 
Centrifugal  Pumping  Machinery,  by  C.  G.  de  Laval. 
The  Manufacture  of  Explosives  (2  vols.),  Ditto,  Ditto,  Twenty  Years'  Progress, 

by  Oscar  Guttmann. 
Oil  Finding:   An   Introduction  to   the   Geological   Study  of  Petroleum,  by 

E.  H.  C.  Craig,  with  an  introduction  by  Sir  Boverton  Redwood,  Bart. 
The  Design  of  Mine  Structures,  by  M.  S.  Ketchum. 
Boiler    Explosions,    Collapses    and    Mishaps,    by   E.   J.   Rimmer,   with    an 

introduction  by  A.  A.  Hudson,  K.C. ;  from  the  publishers. 
Newfoundland  in  1911,  by  P.  T.  McGrath ;  from  Mr.  A.  C.  Gray. 
Remunerative  Railways  for  New  Countries :   with  some  account  of  the  First 

Railway  in  China  (1878),  by  R.  C.  Rapier;  from  Mr.  R.  M.  Livesey. 
The  Una-Flow  Steam-Engine,  by  Professor  J.  Stumpf ;  from  the  publishers. 
Modern  Sanitary  Engineering :  Part  I,  House  Drainage,  by  Gilbert  Thomson ; 

from  the  publishers. 
Through  Trackless  Labrador,  by  H.  H.  I'richard  and  G.  M.  Gathorno-Hardy ; 

from  Mr.  A.  C.  Gray. 
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The    Human    Factor   in  Works   jManagement,   by   James    Hartncss ;    from 

Mr.  John  A.  Hartness. 
Electric  Motors  (2nd  ed.),  by  H.  M.  Hobart. 
Stanford's  Indexed  Atlas   of    the    County  of    London,  with  a  preface    by 

Sir  Laurence  Gomme. 
Gas  Engines,  by  W.  J.  Marshall  and  Capt.  H,  E,.  Sankey,  R.E.  (Ret.). 
Theory  of  Structures,  by  Professor  Arthur  Morley,  M.Sc. ;  from  the  publishers. 
Modern  Refrigerating  Machinery,  by  Prof.  Hans  Lorenz,  Ph.D.  (translated  by 

T.  H.  Pope,  with  chapters  by  H.  M.  Haven  and  P.  W.  Dean). 
Electrical  Injuries,  by  C.  A.  Lauffer,  M.D. 
Industrial  Chemistry :   a  Manual  for  the   Student  and  the   Manufacturer, 

edited  by  Allen  Rogers  and  A.  B.  Aubert,  in  collaboration  with  others ; 

from  the  j)U-blishers. 
Vapours  for  Heat  Engines,  by  W.  D.  Ennis ;  from  the  publishers. 
Commercial  Engineering,  by  "  A  General  Manager  "  (A.  J.  Liversedge) ;   from 

the  publishers. 
The    Hetch    Hetchy  Water    Supply  for   San   Francisco,   1912.     Report  by 

J.  R.  Freeman ;  from  the  author. 
The  Operative  Mechanic  and  British  Machinist ;   being  a  practical  display  of 

the  Manufactories  and  Mechanical  Arts  of  the  United  Kingdom  (4th  ed. 

1853),  by  John  Nicholson;  from  Mr.  James  Mitchell. 
The  Sea-Coast :  Destruction,  Littoral  Drift,  Protection,  by  W.  H.  Wheeler. 
The  Practical  Mechanic's  Handbook,  by  F.  E.  Smith ;  from  the  publishers. 
A  Primer  of  the   Internal  Combustion  Engine,  by  H.  E.  Wimperis,  M.A.  ; 

from  the  publishers. 
The   Design  of    Simple    Steel    Bridges,   by   P.   0.   G.   Usborne;    from   the 

publishers. 
Present  Sanitary  Condition  of  New  York  Harbour,  and  the  degree  of  Cleanness 

which  is  necessary  and  sufficient  for  the  Water  :  Report  of  the  Metropolitan 

Sewerage  Commission  of  New  York  ;  from  the  Commission. 
The   Elements   of    Machine    Design,   Part   II:    Chiefly  on   Engine   Details 

(revised  ed.),  by  W.  C.  Unwin,  LL.D.,  F.R.S.,  and  Prof.  A.  L.  Mellanby, 

D.Sc. ;  from  Dr.  W.  Cawthorne  Unwin. 
Caisson  Sickness  and  the  Physiology  of  Work  in  Compressed  Air,  by  Leonard 

HiU,  M.B.,  F.R.S. 
Forging,  Stamping  and  General  Smithing,  by  Benjamin  Saunders. 
Fire  Prevention  and  Fire  Protection  as  applied  to  Building  Construction,  by 

J.  K.  Freitag. 
Wood  Products,  Distillates  and  Extracts,  by  P.  Dumesny  and  J.  Noyer. 
Notes  on  the  Materials  of  Motor  Car  Construction,  by  A.  E.  Berriman ;   from 

the  Daimler  Co. 
Metallographie  (German)  (Parts  10-12),  by  Dr.  W.  Gucrtler;  from  the  author. 
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An  Appreciation  of  Two  Great  Workers  in  Hydraulics :   G.  B.  Venturi  and 

Clemens  Herschel,  by  W.  G.  Kent ;  from  the  author. 
Graphical  Methods  in   Applied  Mathematics,  by   G.  C.  Turner ;   from   the 

publishers. 
Theory  and  Practice  of  Bridge  Construction  in  Timber,  Iron  and  Steel,  by 

M.  W.  Davies  ;  from  the  publishers. 
The   Electrical  Tramcar   Handbook   (6th  ed.),  by  W.  A.  Agnew ;    from  the 

publishers. 
The  Comiaiercial  Engineer's  Pocket  Book :  Electricity  Supply  (2nd  ed.),  by 

F.  H.  Davies ;  from  the  publishers. 
The  Practice  of  Electrical  Wiring,  by  D.  S.  Munro  ;  from  the  publishers. 
The    Electrical    Ignition  of    Petrol    Engines,  by    J.   W.   Warr  ;   from  the 

publishers. 
Triumphs  and  Wonders  of  Modern  Chemistry,  by  Geoffrey  Martin,  M.Sc. ; 

from  the  publishers. 
Practical  Sheet  and  Plate  Metal  Work  (2nd  ed.),  by  E.  A.  Atkins ;  from  the 

publishers. 
The  Radio-Telegraphist's  Guide  and  Log-Book,  by  W.  H.  Marchant;   from 

the  publishers. 
The  Ventilation  of  Electrical  Machinery,  by  W.  H.  F.  Murdoch;  from  the 

publishers. 
Elementary  Aeronautics,  by  A.  P.  Thurston ;  from  the  publishers. 
A  Text-Book  of  Mathematics  and  Mechanics,  by  C.  A.  A.  Capito,  M.Sc.  Eng. ; 

from  the  author. 
Foundations  and  Machinery  Fixing,  by  F.  H.  Davies ;  from  the  publishers. 
The  Future  Water  Supply  of  San  Francisco :  a  Report  by  the  Spring  Valley 

Water  Co. ;   Report  on  the  Water  Supply  System  of  the  Spring  Valley 

Water  Co.,  San  Francisco,  Cal.,  by  H.  M.  Chittenden  and  A.  0.  Powell ; 

from  Mr.  F.  C.  Herrmann. 

OFFICIA  L  P  UBL ICA  TIONS. 
British  Isles. 

Board  of  Trade  Reports  on  Boiler  Explosions ;  from  the  Board  of  Trade. 

Report  of  the  Board  of  Education  for  the  year  1910-1911 ;  Provisional  Regulations 
for  Examinations  in  Art  and  in  Science  and  Technology,  applicable  to  the 
Examinations  for  1912 ;  Report  of  the  Departmental  Committee  on  the 
Science  Museum  and  the  Geological  Museum,  Part  II ;  Reports  for  the 
year  1911  on  The  Geological  Survey,  The  Geological  Museum  in  Jermyn 
Street,  The  Scionco  Museum  at  South  Kensington,  and  the  work  of 
The  Solar  Physics  Committee  ;  Prospectus  of  Sir  Joseph  Whitworth's 
Scholarships  and  Exhibitions  for  Mechanical  Science;    Regulations  for 
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Scholarships,  Exhibitions,  etc.,  in  Science,  for  the  year  1913;  Regulations 
and  Syllabuses  for  the  Examinations  in  Science  and  Technology  to  be 
held  in  1913 ;  from  the  Board  of  Education. 

Ninth  Annual  Report  of  the  Metropolitan  Water  Board,  year  ended 
31st  March  1912 ;  from  the  Metropolitan  Water  Board. 

Second  Annual  Report  of  the  Road  Board ;  from  the  Road  Board. 

Seventh  Annual  Report  of  the  Meteorological  Committee  for  the  year  ended 
31st  March  1912 ;  Hourly  Values  from  Autographic  Records :  Geophysical 
Section,  1911 ;  Geophysical  Memoirs ;  and  Journal,  1911 ;  from  the 
Meteorological  Committee. 

Abridgments  of  Specifications  :  Period  1905-8,  Nos.  75  (i-ii),  83  (i-ii),  85-87, 
96,  97,  104,  122,  123,  130,  132,  135,  137,  139-141,  145;  Subject  List  of 
Works  on  Mineral  Industries  in  the  Library  of  the  Patent  Office,  Parts  1, 
2  and  3  ;  Subject  List  of  Works  on  Horology  in  the  Library  of  the  Patent 
Office ;  Illustrated  Official  Journal  (Patents) ;  from  H.M.  Patent  Office. 

Africa. 
Seventeenth  Annual  Report  of  the  Rhodesia  Chamber  of  Mines,  for  the  year 

ended  31st  December  1911 ;  from  the  Rhodesia  Chamber  of  Mines. 
Seventh  Annual  Report  of  the  Rand  Water  Board  to  the  Administrator  of  the 

Province   of  Transvaal,    31  March   1912;   Annual  Report  of  the   Town 

Engineer  for  the  year  ended  30  June  1911,  sent  by  G.  S.  B.  Andrews  (ilf.). 

Municipal    Council    of    Johannesburg;    from  the   Government    of    the 

Transvaal. 
Mines  Department  Annual  Report  (Parts  1  and  2),  1911 ;  from  the  Union  of 

South  Africa. 

Australasia. 

Australian  Official  Journal  of  Patents;   from  the  Department  of  Patents  in 

the  Commonwealth  of  Australia. 
Report  of  the  Department  of  Public  Works  for  the  year  ended  30th  June  1911 ; 

Annual  Report  of  the  Department  of  Mines,  1911 ;  Report  of  the  Chief 

Commissioner  for  the  year  ended  30th  June  1912  ;  from  the  Government 

of  New  South  Wales. 
Annual  Report  of  the  Under  Secretary  for  Mines,  1911 ;  Geological  Survey  of 

Queensland,  Record  No.  3 ;   Mining  Journal ;  from  the  Government  of 

Queensland. 
Reports  of  the  Secretary  for  Mines,  1910  and  1911 ;  from  the  Government  of 

Tasmania. 
Report  on  the  working  of  the   Government  Railways   for  the  year  ended 

30th  June  1911 ;  Annual  Report  of  the  Chief  Inspector  of  Machinery  and 

Chairman  of  Board  of  Examiners  for  Engine-Drivers,  December  1911  ; 

Report    of    the    Department  of    Mines    for   the  year   1911 ;    from   the 

Government  of  Western  Australia. 
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Canada. 
Annual  Report  of  the  Bureau  of  Mines,  Ontario,  1912,  Vol.  XXI,  Part   2; 
Summary   Report    of    the    Department    of    Mines,   1911 ;    also   various 
Bulletins,  Memoirs  and  Reports  ;  from  the  Government  of  Canada. 

China. 
List  of  Chinese  Lighthouses,  Light- Vessels,  Buoys  and  Beacons,  1912 ;  from 
the  Inspector-General  of  Chinese  Customs. 

India. 

Report  of  the  Chief  Inspector  of  Mines  in  India  under  the  Indian  Mines  Act 
(VIII  of  1901)  for  the  year  ending  31st  December  1911,  by  G.  F.  Adams ; 
Administration  Report  on  the  Railways  in  India  for  the  calendar  year 
1911  by  the  Railway  Board  ;  from  the  Government  of  India. 

Classified  Lists  and  Distribution  Returns  of  Establishment,  Indian  Public 
Works  Department,  to  30th  June  1912  ;  Classified  Lists  of  State  Railways, 
to  30th  June  1912  ;  Memorandum  of  Construction  and  Cost  of  Certain 
Selected  Buildings  and  Bridges  in  India ;  from  the  Registrar. 

United  States. 

Tests  of  Metals  and  other  Materials,  1911 ;  from  the  Government  of  the 
States. 

Mineral  Resources  of  the  United  States,  1910,  Parts  1  and  2 ;  Bulletins,  402, 
446,  466,  467,  470,  474,  478,  483-500,  504-509,  511,  512,  516,  517  ;  Water 
Supply  Papers,  Nos.  261, 269, 271,  272,  278-280,  282,  285-288 ;  Professional 
Papers,  Nos.  69,  73-75;  Monographs,  Vol.  LII;  Twenty-sixth  Annual 
Report,  1904-5,  and  Thirty-second  Annual  Report,  1911 ;  from  the  U.S. 
Geological  Survey. 

Official  Gazette ;  from  the  United  States  Patent  Office. 

Venezuela. 
Revista  Tccnica    del   Ministcrio   do   Obras   Publicas ;    from   the  Ministorio 
Obras  Publicas. 

PAMPHLET S,  &c.  {in  order  received). 

Compl6ment  dc  la  Premiere  Edition  de  la  Resistance  do  I'Air  ot  I'Aviation,  by 

G.  Eiffel ;  from  the  author. 
The  Education  of  Coming  Leaders  in  the  Textile  Industry,  by  0.  S.  Hall; 

from  the  author. 
On  Sinhalese  Iron  and  Steel  of  Ancient  Origin,  by  Sir  Robert  lladfiold,  F.R.S.; 

from  the  author. 
Locomotive  Proportions,  by  L.  H.  Fry;  from  the  author. 
An  Improved  Model  of,  and  Means  for,  Tightening  and  Slackening  Driving- 
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bauds,  Belts,  or  Ropes,  Provisional  Specification  No.  158C,  a.d.  1911,  by 

J.  Buckton  and  Co.  and  J.  H.  Wicksteed ;  from  Mr.  J.  H.  Wicksteed. 
Eighth  International  Congress  of  Applied  Chemistry,  1912 :  General  information, 

program,  excursions  and  factory  visits. 
The  Influence  of  the  Ratio  of  Width  to  Thickness  upon  the  Apparent  Strength 

and  Ductility  of  Flat  Test-Bars  of  Mild  Steel,  by  W.  Gordon  and  G.  H. 

Gulliver ;  from  the  authors. 
Les  Notions  de  Masse  et  d'Inertie  dans  la  M^canique  Classique,  by  Professor 

V.  Dwelshauvers-Dery ;  from  the  author. 
Presidential  Address  to  the  Institute  of  Sanitary  Engineers,  by  A.  J.  Martin  ; 

from  the  author. 
Drapers'  Company  Research  Memoirs.     Technical  Series  I :   On  a  Theory  of 

the  Stresses  in  Crane  and  Coupling  Hooks  v^rith  Experimental  Comparison 

with  Existing  Theory,  by  E.  S.  Andrews  and  Professor  Karl  Pearson, 

F.R.S. 
Fuels  and  Lubricants  for  Internal  Combustion  Engines,  by  J.  V.  Wilson ; 

from  the  author. 
The  River  Trade  of  the  Port  of  London :   Its  Volume  and  Value,  by  Fluvius ; 

from  Mr.  Herbert  Birch. 
The  Biggest  Fool  on  Earth,  by  Sir  Guilford  Molesworth,  K.C.I.E. ;  from  the 

author. 
Coal  Storage,  by  E.  A.  Harman ;  from  the  author. 
Choix  d'un  Systeme  de  Chaufiage,  by  R.  E.  Mathot  and  Ch.  de  Herbais ;  from 

M.  R.  E.  Mathot. 
Vital  Points  against  "  Free  Trade,"  by  Bennett  Fitch ;  from  the  author. 
Whistle  Gear,  by  G.  E.  R.  R. ;  from  the  author. 
Non-Parallel  Axle  Rolling  Stock  (reprint) ;  from  Mr.  J.  S.  Warner. 
Chain  Driving,  by  F.  M.  Lawson ;  from  the  author. 
Jubilee  of  Derwent  Works,  by  S.  W.  Challen ;  from  the  author. 
Inauguration    du    Nouveau    Laboratoire    Aerodynamique  de  M.   G.   Eiffel, 

19  Mars  1912 ;  from  M.  G.  Eiffel. 
On  Search-Lights  for  the  Mercantile  Marine,  by  Henry  Wilde,  D.Sc,  D.C.L., 

F.R.S. ;  from  the  author. 
All  about  Patents,  by  C.  W.  Crossley  ;  from  the  author. 
The  "  Tiltometer  "  Chemical  Injector ;  from  Hon.  R.  C.  Parsons. 
England's  Latest  Port :    Immingham  (Grimsby)   Deep  Water  Dock ;    from 

Mr.  W.  J.  Botterill. 
Lloyd's  Register  of  British  and  Foreign  Shipping :  Report  by  the  Engineer 

Surveyor    on    the    Spontaneous    Combustion    of    Coal;     from    Lloyd's 

Register. 
The  Importance  of  the  Business  Aspects  of  Engineering,  by  L.  S.  Robertson  ; 

from  the  author. 
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Note  on  the  Well-boring  Operations  Conducted  in  the  MuzaSarpur  District 

during  the  Water  Scarcity  of  1908-1909,  by  F.  C.  Temple;   from  the 

author. 
Marine  Lubrication,  by  J.  V.  Wilson ;  from  the  author. 
Notes  on  the  Heat  Treatment  of  the  Copper  Zinc  Alloys,  with  reference  more 

especially  to  70-30  Cartridge  Brass,  by  Lt.-Col.  C.  Bell,  K.A. ;  from  the 

author. 
Floris  Osmond  (M^moire) ;  from  M.  H.  Le  Chatelier. 
Floris  Osmond,  1849-1912,  by  H.  Le  Chatelier ;  from  the  author. 
Private-Owners'   Waggons:    "The   Bane   of    English    Kailways,   a    Ban    to 

Progress  "  ;  from  Mr.  S.  R.  Blundstone. 
Les  Nouvelles  Recherches  Experimentales    sur  la    Resistance  de  I'Air   et 

I'Aviation  faites  aux  Laboratoires  du  Champ  de  Mars  et  d'Auteuil,  by 

G.  Eiffel ;  from  the  author. 
The  Present  Status  of  the  Diesel  Engine  in  Europe,  and  a  few  Reminiscences 

of  the  Pioneer  Work  in  America ;    Die   Entstehung  des  Dieselmotors ; 

from  the  author,  Dr.  Rudolph  Diesel. 
Simple    Matters  which    are   often   lost    sight    of :   Two   lectures  by  B.   K. 

Finnimore ;    Duties  of    Sub-Divisional    and    Sectional    Officers    in    an 

Irrigation  Division  in  the  Sone  Circle  :  Two  lectures  by  M.  H.  Arnott ; 

from  the  Sibpur  Engineering  College. 
The     Generation     and    Electrical     Transmission    of     Power    for    Marine 

Transportation;    The  Possibilities    of    Electrical    Power    Transmission 

for  Main  Propulsion  and  Speed  Regulation ;  from  the  author,  Mr.  W.  P. 

Durtnall. 
Experimental  Researches  on  the  Specific  Gravity  and  the  Displacement  of 

some  Saline   Solutions,   by  J.   Y.   Buchanan,   M.A.,  F.R.S. ;    from  the 

author. 
Physical  Society  of  London  Eighth  Annual  Exhibition  of  Electrical,  Optical, 

and  other  Physical  Apparatus :  Brief  Description  of  the  Exhibits ;  from 

Mr.  Edgar  Worthington. 
Main  Drainage  of  London :  Descriptive  Account,  with  plans  and  illustrations, 

by  Sir  Maurice  Fitzmaurice,  C.M.G.,  LL.D. ;  from  the  author. 
Table  of  the   Fifty-four   Research   Papers  and   Scientific   Addresses  by  Sir 

Robert  Hadficld,  F.R.S. ,  1888-1912 ;  from  Sir  Robert  Hadfield. 
The   Influence   of  Track  upon  Railway  and  Tramway  Carriages,  by  J.  S. 

Warner  ;  from  the  author. 
Boiler  Explosions  as  affected   by   Unsymmetrical  Riveted  Joints,  by  S.  H. 

Barraclough,  A.  J.  Gibson,  H.  W.  May  and  E.  P.  Norman;    from  the 

authors. 
The  following  from  the  Rector,  Berlin  Koniglichen  Tcchnischen  Ilochschulo : — 

(jber    Gruudwaascrabbcnkung     boi     Fundioruiigsarboiton,    by    Wilhclm 
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Kyrieleis  ;  Anker  und  Ankerketten  im  Seeschiffsbetrieb  (Arbeitsvorgange 
und  Grossenbestimmung),  by  Max  Tillmann ;  Ein  Schiffbautechnisch- 
Kritischer  Beitrag  zur  Vermessungsfrage,  by  Reinhold  Schmidt ; 
Gleitgeschwindigkeit  und  Widerstand  von  Schleppkahnen  Nach 
Versuchen  auf  dem  Rbeinstrom,  by  Walter  Asthower ;  Rede  zur  Feier  des 
Geburtstages  Seiner  Majestat  des  Kaisers  und  Konigs  Wilhelm  II  in  der 
Halle  der  Koniglichen  Technischen  Hochschule  zu  Berlin,  26  Jan.  1912  ; 
Aufnabme  von  Resonanzkurven  unter  Anwendung  eines  Kurvenzeichners, 
by  Friedrich  Kock ;  Zur  Kritik  der  Lohntarifvertrage  auf  Basis  der 
Stiicklohnung  in  Grossbetrieben  des  Mascbinenbaues  u.  verwandter 
Industrien  mit  differenzierter  Fabrikation,  by  R.  F.  Selter  ;  Die 
Arbeitsweise  und  Berechnung  der  Mammutpumpen  (Druckluftfliissig- 
keitsheber),  by  Werner  Karbe  ;  Untersucbungen  iiber  magnetische 
Hysteresis,  by  Fritz  Holm ;  Untersuchung  von  Gescbwindigkeits- 
messern,  by  Georg  Breitung ;  Indikator  fiir  Einspritz-Vergaser,  by  Georg 
Bergmann;  Wagentechnische  Untersuchung  eines  35  P  S— Kraftlast- 
wagens  (ohne  Motoruntersuchung),  by  Gabriel  Becker;  Der  Azetylen- 
Sauerstoff-Schweissbrenner  seine  Wirkungsweise  und  seine  Konstruk- 
tionsbedingungen,  by  Hans  Ludwig ;  Versuche  mit  Schmierringen  bei 
Hoheren  Tourenzahlen,  by  Hermann  Cranz ;  Der  keltische  und 
romische  Einfluss  auf  die  Entwicklung  des  Stadtgrundrisses  im  Elsass, 
by  Georg  Strach ;  Untersucbungen  iiber  die  Stromungsvorgange  im 
Steigrohr  eines  Druckluft-  Wasserhebers,  by  Kurt  Hoefer;  Einfluss 
der  Spaltbreite  und  der  Deckelstellung  auf  die  Kraftanzeige  einer 
Messdose  (with  Tables),  by  Robert  Szitnick;  Pendentifs  Trompen  und 
Stalaktiten  Beitrage  zur  Kenntnis  der  islamischen  Architektur,  by 
J.  Rosintal ;  Die  Grundlagen  der  Rentabilitat  von  FrachtschiSen  und 
ihre  Beeinflussung  durch  die  moderne  Technik,  by  Carl  Commentz ; 
Krafteverteilung  und  Greifen  bei  Selbstgreifern,  by  Werner  Pfahl. 
The  following  from  the  Rector,  Technischen  Hochschule  zu  Miinchen : — 
Beitrag  zur  Theorie  des  indirekt  wirkenden  Beharrungsreglers,  by  Mario 
Dornig;  Die  Darstellung  eines  Objektes  aus  drei  photographischen 
Aufnahmen  mit  gegebenen  Apparatkonstanten  bei  unbekannten  Stand- 
punkten,  by  Hans  Riesner ;  tjber  aussere  Warmeleitung  und  Erwarmung 
elektrischer  Maschinen,  by  Ludwig  Binder ;  tJber  Zylinderzahl  und 
Zylinderanordnung  dei  Fahrund  Flugzeugmaschinen,  by  Otto  Kolsch ; 
Untersucbungen  der  Spinnvorgange,  by  G.  Miihlschlegel ;  Uber  die 
Schalldurchlassigkeit,  by  Richard  Berger  ;  Das  charakteristische 
Kurvennetz  der  Ventilatoren  im  Zusammenhang  mit  dem  Wider- 
standskurvennetz  verzweigter  Rohrleitungen,  by  Hans  Hiibner;  Die 
Hydraulischen  Schmiede-Pressen,  by  F.  J.  Hofmann. 
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DIRECTORIES,  ANNUALS,  dc. 

Automobile  Engineer  Year  Book,  1912 ;  from  the  publishers. 

Directory  of  Contractors  and  Public  Works  Annual,  1912. 

The  Engineer's  Year-Book,  1912,  by  H.  R.  Kempe ;  from  the  proprietors. 

Engineering  Abstracts. 

Engineering  Index,  Annual,  1911 ;  from  the  Engineering  Magazine. 

Fowler's   Mechanical   Engineer's    Pocket    Book,    1912 ;    Fowler's   Electrical 

Engineer's  Pocket  Book,  1912  ;  from  the  editor. 
Garcke's  Manual  of  Electrical  Undertakings,  1912. 
Hampton's  Scholastic  Directory,  1911-1912  ;  from  the  publisher. 
Industrial  Engineering  and  the  Engineering  Digest. 

International  Catalogue  of  Scientific  Literature  (B  =  Mechanics,  C  =  Physics). 
Kelly's  Post  Office  London  Directory,  1913. 
Mechanical  Engineers'  Price  Book,  1912,  edited  by  Geoffrey  Brooks;  from 

the  publishers. 
The  Naval  Annual,  1912,  edited  by  Viscount  Hythe,  D.C.L. 
Palmer's  Index  to  "  The  Times." 
Revue  de  L'Ing6nieur  et  Index  Technique,  Brussels. 
Shipowners,   Shipbuilders,   and    Marine    Engineers'   Directory,   1912 ;    from 

Mr.  S.  Richardson  Blundstone. 
Spons'  Architects'  and  Builders'  Pocket  Price  Book  and  Diary,  1912 ;  Ditto 

with  Memoranda  Section,  by  Clyde  Young  and  S.  M.  Brooks ;   from  the 

publishers. 
Universal  Directory   of  Railway  Officials,   1912;    from  Mr.   S.   Richardson 

Blundstone. 
Universal    Electrical    Directory    (J.    A.    Berly's),   1912;    from    Mr.    T.    E. 

Gatehouse. 
Whitaker's  Almanack,  1913. 
Who's  Who,  1913. 

CALENDARS  AND  COLLEGE  REPORTS 
{from  the  respective  Aullioritics).  . 

British  Isles. 

University  of  Birmingham ;  Calendar  1912-13. 

City  of  Bradford  Technical  College ;  Calendar  1912-13,  and  Report  1910-11. 

UniverHity  of  Bristol ;  Calendar  1912-13. 

University  College  of  South  Wales  and  Monmouthshire,  Cardiff ;    Calendar 

1911-12. 
Glasgow  University;  Calendar  1912-13. 
The  Royal  Technical  Collogo,  Glasgow;  Calendar  1912-13,  and  Report  1912. 
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Uuiversity  of  Leeds  ;  Caleudai-  1912-13,  and  Report  1910-11. 

University  of  Liverpool ;    Calendar   1912,  Engineering  Society  Journal,   A 

description    of    the    Harrison-Hughes    Engineering    Laboratories,    The 

Faculty  of  Engineering. 
City  and  Guilds  of  London  Institute ;  Report  1912  and  •'  The  Central." 
City  of  London  College ;  Calendars  1911-12,  1912-13. 
Crystal  Palace  Engineering  School  Magazine  (from  Mr.  J.  W.  Wilson). 
East  London  College  ;  Calendar  1912-13. 

Imperial  College  of  Science  and  Technology ;  Calendar  1912-13. 
King's   College,   London;    Calendar   1912-13,  The   "Sir   William   Siemens" 

Electrical  Engineering  Laboratory— Collected  Papers  in  three  Volumes, 

1891-1911,  edited  by  Ernest  Wilson,  London. 
University  College,  London ;  Calendar  1912-13,  Catalogue  of  Periodicals. 
Municipal  School  of  Technology,  Manchester ;  Calendar  1912-13. 
Victoria  University  of  Manchester ;  Calendar  1912-13. 
University  of  Sheffield  ;  Calendar  1912-13  (Vols.  I  and  II). 


Australia. 

South  Australian  School  of  Mines  and  Industries  and  Technological  Museum  ; 
Annual  Reports,  1911. 

Germany. 

Royal  Technical  High  School,  Berlin ;  Calendar  1912-13. 
Royal  Technical  High  School,  Danzig ;  Calendar  1912-13. 
Royal  Technical  High  School,  Munich ;  Report  1910-11. 

India. 
Civil  Engineering  College,  Sibpur  ;  Calendars  1911  and  1912. 

United  States. 

University  of  California,  Berkeley  ;  Chronicle. 
Cornell  University;  Librarian's  Reports  1910-11  and  1911-12. 
University  of  Illinois,  Urbana ;  Bulletin. 
Iowa  State  College  ;  Bulletin. 

Michigan  College  of  Mines,  Michigan  ;  Year-book  1911-12. 
University  of  Wisconsin  ;  Bulletin. 

Worcester    Polytechnic    Institute,    Worcester ;    Journal,   and  Forty-Second 
Annual  Catalogue,  1911,  1912, 
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PHOTOGRAPHS,  DRAWINGS,  dc.  {in  order  received). 

Electric  Railways  of  London — Map  showing  Railways  Open,  Constructing  and 

Authorised,  together  with  those  proposed  for  Session  1912.     Compiled  by 

Robert  J.  Cook  and  Hammond ;  from  the  publishers. 
Rapid  Safety  Life-Boat  Launching  Apparatus  (blue  print) ;   from  Mr.  Cdrlos 

Haymes. 
Patent  Gear  Tooth  Gauge  (blue  print  and  sample) ;  from  Mr.  W.  S.  Crabtree. 
The    Chart    of    the   Elements   (2nd   ed.) :    Map  Form   in   book ;    from  the 

publishers. 
A  Framed  Engraving  of  Sir  Marc  Isambard  Brunei  (1769-1849);  from  Sir  J. 

Wolfe  Barry,  K.C.B.,  LL.D.,  F.R.S. 

PERIODICAL  PUBLICATIONS  OF  SOCIETIES,  dc. 
{Those  marked*  are  bound  for  preservation  in  the  Library.) 

British  Isles. 

♦Automobile  Engineers,  The  Institution  of ;  Proceedings. 
*Barrow  and  District  Association  of  Engineers  ;  Transactions. 

Bolton  Public  Libraries  ;  59th  Annual  Report. 
♦British  Association  for  the  Advancement  of  Science ;  Report. 
♦British  Engine,  Boiler  and    Electrical   Insurance   Company,  Manchester ; 

Report  (from  Mr.  Michael  Longridge). 
British  Foundrymen's  Association  ;  Proceedings. 
Cambridge  University  Library  ;  Report,  1911. 

Chemistry  of   Great   Britain  and  Ireland,   Institute   of ;   Proceedings,  and 
Register  of  Fellows  1912. 
♦Civil  Engineers,  Institution  of;  Proceedings,  List  of  Members  1912. 
♦Civil  Engineers  of  Ireland,  Institution  of ;  Transactions. 
Cleveland  Institution  of  Engineers,  Middlesbrough;  Proceedings,  and  List 
of  Members  1912. 
*Cold  Storage  and  Ice  Association  ;  Proceedings, 
Concrete  Institute  ;  List  of  Members  1912,  and  Transactions  and  Notes. 
♦Electrical  Engineers,  Institution  of ;  Journal,  and  List  of  Members  1912. 
Engineering  Standards  Committee ;  Seventh  Report  on  Work  accomplished 
from  1  August  1910  to  31  July  1911 ;   British  Standard  Specification  for 
Structural   Steel  for  Bridges,  etc.,  and  General  Building   Construction, 
No.    15 ;    British    Standard    Specifications    for    IMatorial    used    in    the 
construction    of    Railway    Rolling    Stock,    No.    24 ;    British    Standard 
Definitions  of  Yield  Point  and  Elastic  Limit,  No.  5G ;  Report  on  British 
Standard  Heads  for  Small  Screws,  No.  57  ;  British  Standard  Spucilicatiou 
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for  Cast  Iron  Spigot  and  Socket  Soil  Pipes,  No.  58 ;  British  Standard 
Specification  for  Cast  Iron  Spigot  and  Socket  Waste  and  Ventilating 
Pipes  for  other  than  Soil  Purposes,  No.  59. 
♦Engineers  and  Shipbuilders  in  Scotland,  Institution  of ;  Transactions. 
*Gas  Engineers,  Institution  of ;  Transactions. 
♦Heating  and  Ventilating  Engineers,  Institution  of ;  Proceedin!gs  1906-7  to 

1911-12. 
♦Iron  and  Steel  Institute ;  Journal,  List  of  Members  1912,  Carnegie  Scholarship 

Memoirs,  Vol.  IV. 
♦Junior  Institution  of  Engineers ;  Transactions. 

♦Literary  and  Philosophical  Society  of  Manchester  ;  Memoirs  and  Proceedings. 
♦Liverpool  Engineering  Society  ;  Transactions. 
Liverpool  Public  Libraries,  Museums,  and  Art  Gallery ;  Fifty-ninth  Annual 

Report. 
♦Manchester  Association  of  Engineers  ;  Transactions. 
♦Manchester  Steam  Users'  Association  ;  Annual  Report  and  Chief  Engineer's 

Memorandum. 
♦Marine  Engineers,  Institute  of ;  Transactions. 
♦Metals,  Institute  of ;  Journal. 
♦Mining  Engineers,  Institution  of ;  Transactions. 
♦Mining  and  Metallurgy,  Institution  of;   Transactions  Vols.  I-XXI,  Index 

Vols.  I-XV,  and  List  of  Members  1912. 
♦Municipal  and  County  Engineers,  Institution  of ;  Proceedings  and  Papers. 
National    Physical    Laboratory;     Report    1911;     *  Collected    Researches, 

Volume  VIII. 
♦Naval  Architects,  Institution  of ;  Transactions  and  Index  XL VII  to  LIV. 
♦North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  Newcastle- 

on-Tyne  ;  Transactions  and  Annual  Report  1911-12. 
♦North-East  Coast  Institution  of  Engineers  and  Shipbuilders,  Newcastle-on- 

Tyne ;  Transactions. 
♦Patent  Agents,  Chartered  Institute  of ;  Transactions. 
Permanent  Way  Institution  ;  Proceedings. 
♦Physical  Society  of  London  ;  Proceedings. 
Post  OfBice  Electrical  Engineers ;  Journal. 
Radclifie  Library,  Oxford  ;  Catalogue  of  Additions  during  1911. 
♦Royal  Agricultural  Society  of  England ;  Journal. 
♦Royal  Artillery  Institution,  Woolwich ;  Journal. 
Royal  Automobile  Club ;  Journal. 

♦Royal  Cornwall  Polytechnic  Society,  Falmouth ;  Report. 
Royal  Dublin  Society ;  Proceedings. 
♦Royal  Engineers'  Institute,  Chatham ;  Professional  Papers. 
♦Royal  Institute  of  British  Architects ;  Journal,  and  Kalendar  1912-13. 
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*Royal  Institution  of  Great  Britain ;  Proceedings  and  List  of  Members,  1912. 
Royal  Irish  Academy,  Dublin  ;  Proceedings. 
Royal  Microscopical  Society  ;  Journal. 

*Royal  Philosophical  Society  of  Glasgow  ;  Proceedings. 

*Royal  Sanitary  Institute  ;  Journal. 

*Royal  Society  of  Arts;  Journal. 

*Royal  Society  of  Edinburgh ;  Proceedings. 

*Royal  Society  of  London;  Proceedings  (a),  Year-Book  1912,  Transactions  (a  ) 
The  Record  of  the  Royal  Society  of  London  (3rd  edition),  Signatures 
in  the  first  Journal-book  and  the  Charter-book  of  the  Royal  Society  ; 
Being  a  Facsimile  of  the  Signatures  of  the  Founders,  Patrons  .and 
Fellows  of  the  Society  from  the  year  1G60  down  to  the  present  time. 

♦Royal  United  Service  Institution ;  Journal. 

♦Science  Abstracts — Physics  and  Electrical  Engineering. 

♦Society  of  Chemical  Industry  ;  Journal. 

♦Society  of  Engineers  ;  Transactions  and  List  of  Members  1912. 

♦South    Wales    Institute   of  Engineers,   Cardif! ;    Proceedings  and   List   of 
Members  1911. 

♦Stafiordshire  Iron  and  Steel  Institute,  Dudley  ;  Proceedings. 

♦Surveyors'     Institution  ;     Transactions,    Professional    Notes    and    List    of 

Members  1912. 
Tramways  and  Light  Railways  Association ;  Official  Circular. 

♦Water  Engineers,  Association  of  ;  Transactions. 

♦West  of  Scotland  Iron  and  Steel  Institute,  Glasgow ;  Journal. 

Other  Countries  {alphabetical). 

Africa. 

♦Chemical,  Metallurgical  and  Mining  Society  of  South  Africa,  Johannesburg  ; 

Journal. 
♦South  African  Institution  of  Engineers,  Johannesburg ;  Journal. 

Australasia. 

♦Engineering  Association  of  New  South  Wales  ;  Proceedings. 
♦Northern  Engineering  Institute  of  New  South  Wales  ;  Papers. 
♦Royal  Society  of  New  South  Wales  ;  Journal  and  Proceedings. 
♦Sydney  University  Engineering  Society  ;  Proceedings. 

Austria, 

♦Zeitschrift    dcs    Osterrcichischen    Ingenicur-    und    Architekten  -  Vorcines, 
Vienna. 
Tcchnicky  Obxor,  Prague. 
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Belgmm. 

♦Academie  Royale  de  Belgique,  Brussels ;  Bulletin. 

♦Association  des  Ing^nieurs  sortis  des  Ecoles  sp^ciales  de  Gand ;  Annales. 

♦International  Railway  Congress,  Brussels;  Bulletin  (English  edition). 

Canada. 

♦Canadian  Society  of  Civil  Engineers,  Montreal ;  Transactions,  and  List  of 

Members  1912. 
Engineering     Society,    University    of    Toronto ;     Transactions     ("  Applied 

Science"). 
Nova  Scotian  Institute  of  Science  ;  Proceedings  and  Transactions. 
♦Royal  Society  of  Canada,  Ottawa ;  Proceedings  and  Transactions. 

China. 
^Shanghai  Society  of  Engineers  and  Architects  ;  Proceedings. 

France. 

♦Academic  des  Sciences,  Paris  ;  Comptes  Rendus  des  Stances. 
♦Annales  des  Mines,  Paris. 
♦Annales  des  Ponts  et  Chauss^es,  Paris. 
♦Association  Fran(?aise  pour  I'Avancement  des  Sciences. 

♦Associations  de  Propri^taires  d'Appareils  a  Vapeur,  Paris ;  Compte  Rendu 
des  Seances. 
Memorial  du  G^nie  Maritime. 
♦Revue  Maritime,  Paris. 

♦Societe  d'Encouragement  pour  I'lndustrie  Nationale,  Paris ;  Bulletin. 
♦Society  Industrielle  du  Nord  de  la  France,  Lille ;  Bulletin. 
♦Societe  Industrielle  de  Rouen  ;  Bulletin. 
♦Soci6t6  Industrielle  de  Saint-Quentin  et  de  I'Aisne  ;  Bulletin. 
♦Soci6t6  des  Ing^nieurs  Civils  de  France,  Paris  ;  Bulletin. 

Gerinany. 

Mitteilungen  aus  dem  Koniglichen  Materialpriifungsamt,  Berlin. 
♦Societe  Industrielle  de  Mulhouse  ;  Bulletin. 
♦Stahl  und  Eisen,  Diisseldorf . 

♦Verhandlungen  des  Vereines  zur  Beforderung  des  Gewerbfleisses,  Berlin, 
Zeitschrift  fiir  Architektur  und  Ingenieurwesen,  Hannover. 
Zeitschrift  des  Bayerischen  Revisions- Vereins,  Munich. 
♦Zeitschrift     des     Vereines     deutscher     Ingenieure ;       *Mitteilungen     tiber 
Forschungsarbciten ;  Geschichte  des  Vereines  deutscher  Ingenieure,  by 
T.  Peters ;  Berlin. 
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noUa/nd. 
♦Tijdschrift  van  het  Koninklijk  Instituut  van  Ingenieurs,  's  Gravenhage. 

India, 

♦Committee  of  the  Locomotive,   Carriage  and  Wagon  Superintendents   of 
Indian  Kailways,  Madras ;  Proceedings. 

Italy. 

♦Associazione  Elettrotecnica  Italiana,  Milan ;  Atti. 

Associazione  fra  gli  Utenti  di  Caldaie  a  Vapore  nelle  Provincie  Napolitano  ; 
Rapporto,  1910. 

Atti  del  Collegio  degli  Ingegneri  ed  Architetti  in  Milano. 

Rivista  Tecnica  delle  Ferrovie  Italiane. 
♦Societa  degli  Ingegneri  e  degli  Architetti  Italiani,  Rome  ;  Annali. 

Norway. 
Teknisk  Ugeblad,  Christiania. 

Sweden, 

♦Svenska  Teknologforeningen,  Stockholm. 
University  of  Upsala,  Geological  Institution  of ;  Bulletin. 

United  States. 

American  Academy  of  Arts  and  Sciences,  Boston ;  Proceedings. 
♦American  Foundrymen's  Association,  New  York ;  Transactions. 
♦American  Institute  of  Electrical  Engineers,  New  York  ;  Proceedings. 
♦American  Institute  of  Mining  Engineers,  New  York  ;  Bulletin,  Transactions 
♦American  Iron  and  Steel  Association,  Philadelphia;  Bulletin. 
♦American  Philosophical  Society,  Philadelphia ;  Proceedings  and  Transactions 
♦American  Railway  Master  Mechanics'  Association  ;  Proceedings. 
♦American    Society    of    Civil     Engineers,    New    York ;     Transactions    and 

Proceedings. 
♦American  Society  of  Mechanical  Engineers,  New  York  ;  Journal,  Transactions, 

and  Year-book  1912. 
♦American  Society  of  Naval  Engineers,  Washington ;  Journal. 
♦American  Society  of  Refrigerating  Engineers ;  Transactions. 
♦Association  of  Engineering  Societies,  Philadelphia ;  Journal. 

Cleveland  Engineering  Society ;  Journal. 

John  Crcrar  Library,  Chicago  ;  Report. 
♦Engineers'  Club,  Philadelphia  ;  Proceedings. 


Feb.  1913. 


ANNUAL    REPORT. 


143 


♦Engineers'    Society  of  Western   Pennsylvania;    Proceedings,   and   List  of 

Members  1912. 
♦Franklin  Institute,  Philadelphia  ;  Journal. 
♦Library  of  Congress,  Washington ;  Report  1911. 

Library  of  Stone  and  Webster,  Boston ;  Public  Service  Journal. 

Master  Car  Builders'  Association ;  Proceedings. 
♦University  of  Michigan ;  "  Michigan  Technic." 
♦New  York  Railroad  Club ;  Official  Proceedings. 
♦St.  Louis  Railway  Club ;  Official  Proceedings. 
♦School  of  Mines  Quarterly,  Columbia  University,  New  York. 
♦Smithsonian  Institution,  Washington  ;  Annual  Report. 
♦Standards,  National  Bureau  of,  Washington ;  Bulletin. 

Stevens  Indicator,  Hoboken,  N.J. 
♦Traveling  Engineers'  Association,  East  Buffalo  ;  Proceedings. 
♦United  States  Artillery,  Fort  Monroe  ;  Journal. 
♦United  States  Naval  Institute,  Annapolis  ;  Proceedings. 
♦Western  Society  of  Engineers,  Chicago ;  Journal. 


OTHER  PERIODICALS. 


{Those  marked  *  are  bound  for  preservation  in  the  Library.) 


British  Isles. 


Aero. 

Aeroplane.'' 

African  Engineering. 

Arms  and  Explosives. 
♦Autocar. 

Automobile  0\vner. 
♦Automotor  Journal. 
♦Builder. 

Car. 
♦Cassier's  Magazine. 

Civil  Engineering. 

Cold  Storage  and  Produce  Review. 
♦Colliery  Guardian. 
♦Commercial  Motor. 
♦Concrete     and     Constructional 
Engineering. 

Contract  Journal. 

Domestic  Engineering. 


Electrical  Engineering. 

Electrical    Industries    and 
Investments. 
♦Electrical  Review. 
♦Electrical  Times. 
♦Electrician. 
♦Engineer. 

Engineer     and      Iron     Trades' 
Advertiser. 
♦Engineering. 
♦Engineering  Magazine. 
♦Engineering  Review. 

Ferro-Concrete. 

Fireman. 

Fishing  Gazette. 
♦Flight. 

Foundry  Trade  Journal  and  Pattern- 
Maker. 
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♦Journal  of  Gas  Lighting. 

Gas  and  Oil  Power. 

Gas  World. 

Hardware  Trade  Journal. 

Ice  and  Cold  Storage. 

Illuminating  Engineer. 

Internal  Combustion  Engineering. 

Irish  Builder  and  Engineer. 
*Iron  and  Coal  Trades  Review. 

Iron  Trade  Circular,  Ryland's. 

Ironmonger  and  Diary,  1913. 

Ironmongers'  Weekly. 

Locomotive  Magazine. 

London  County  Council  Gazette. 

London  University  Gazette. 

Machinery. 

Machinery  Market. 

Marconigraph. 
♦Marine  Engineer. 
♦Mechanical  Engineer. 
♦]\Iechanical  World. 
♦]\Iining  Journal. 

Mining  Magazine. 

IModel  Engineer  and  Electrician. 

Motor  Ship  and  Motor  Boat. 


♦Motor  Traction. 
♦Nature. 

Page's  Weekly. 

Patents. 

Phillips'  Monthly  Register. 
♦Philosophical  Magazine  and  Journal 

of  Science. 
♦Plumber  and  Decorator. 
♦Power  User. 
♦Practical  Engineer. 

Quarry. 
♦Railway  Engineer. 
♦Railway  Gazette. 

Railway  News. 

Shipbuilder. 
♦Shipping  World. 

South  African  Engineering. 
♦Steamship. 

Surveyor. 

Syren  and  Shipping  Illustrated.     ' 
♦Textile  Recorder. 

Tramway  and  Railway  World. 

Vulcan. 

Water. 

World  Travel  Gazette. 


Other  Countries  {alphabetical). 

Austria. 

Elektrotechnik  und  Maschincnbau. 

Belgitim. 
♦Revue  Universellc  des  Mines. 

Canada. 

Canadian  Engineer.  Canadian  ]\Ianufacturor. 

Canadian  Machinery  and  Manufac- 
turing News. 

France. 

♦G6nio  Civil.  "^La  Rovue  G6n6ra]e  du  Froid. 

♦Revue  g6n6rale  doH  Chemins  de  for.         ♦Revue  de  M6canique. 
Rovuo     Industriollo,      1909,      1910,         I^a  Technique  Moderno. 

1911,    1912    (incomplete)  ;     from 

Mr.  llcrnu. 
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Germany. 

AEG-Zeitung. 
*Dinglera  Polytechnisches  Journal. 
♦Elektrotechnische  Zeitschrift. 
*Giesserei  Zeitung. 
*Glaser's  Annalen. 

Gliickauf. 

Der  Ingenieur. 
♦Organ  fiir  die  Fortschritte  des  Eisen 
bahnwesens. 


Annalen  der  Physik. 
Zeitschrift  fiir  Instrumentenkunde. 
Zeitschrift  fiir  Maschinenbau    und 
Schlosserei. 
♦Zeitschrift  fiir  Werkzeugmaschinen 
und  Werkzeuge. 


De  Ingenieur, 


Indian  and  Eastern  Engineer. 
Indian  Industries  and  Power. 


♦Giornale  del  Genio  Civile. 


Holland. 


India, 


Railways. 


Italy. 


L'Ingegneria  Ferroviaria. 


Switzerland. 
*Revue  Polytechnique  Schweizerische  Bauzeitung, 


United  States. 


♦American  Engineer. 

♦American  Machinist. 

♦Brotherhood  of  Locomotive  Fire- 
men's Magazine. 

♦Castings. 
Commercial  Vehicle. 

♦Electric  Railway  Journal. 
Electrical     Review     and    Western 
Electrician. 

♦Electrical  World. 

♦Engineering  and  Mining  Journal, 
1904-1910 ;  from  Mr.  W.  H.  Maw, 
LL.D. 

♦Engineering  News. 

♦Engineering  Record. 

♦Foundry. 


♦International  Marine  Engineering. 

Iron  Age   (from  Mr.   W.  H.   Maw, 
LL.D.). 

Iron     Trades    Review     (from     Mr. 
W.  H.  Maw,  LL.D.). 

Machinery. 

Motor  Age. 

Motor  Boating. 
♦Physical  Review. 

Popular  Mechanics. 
♦Power. 
♦Railway  and  Engineering  Review. 

Railway  and  Locomotive  Engineer- 
ing. 
♦Scientific  American. 
♦Wood  Craft. 


N 
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T}ie  following  Duplicates  have  been  received  for  Loan  Purposes. 

American  Society  of  Mechanical  Engineers ;  Transactions,  Vols.  1-5  and  7-33. 

Automobile  Engineers,  Institution  of ;  Proceedings,  Vols.  I-V. 

Civil  Engineers,  Institution  of  ;  Proceedings,  Vols.  C-CLXXXIX. 

Electrical  Engineers,  Institution  of ;  Journal,  from  1912. 

Engineers    and    Shipbuilders    in    Scotland,    Institution    of  ;    Transactions, 

Vols.  XXXIX-XLII  and  XLIV-LV. 
Iron  and  Steel  Institute,  Journal ;  Vol.  LXXXV,  and  Carnegie  Scholarship 

Memoirs,  Vols.  I-IV. 
Liverpool  Engineering  Society ;  Transactions,  from  1912. 
Manchester  Association  of  Engineers ;  Transactions,  Vol.  1911-12. 
Metals,  Institute  of ;  Vols.  I-VII. 
Mining  and  Metallurgy,  Institution  of ;  Bulletin. 
South  Wales  Institute  of  Engineers ;  Proceedings,  Vol.  XXVIII,  Parts  1-4. 

ADDITION  TO  MUSEUM. 

A  Polished  Light  Type  Radial  Bearing  R.L.-ll  for  l|-inch  shaft ;  from  the 
Skefko  Ball  Bearing  Co. 
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GENERAL   RULES. 


L  The  Examinations  will  be  held  in  London  twice  annually,  in 
April  and  in  October.* 

2.  Intending  Candidates  should  apply  to  the  Secretary  of  the 
Institution,  Storey's  Gate,  St.  James's  Park,  London,  S.W.,  for 
the  necessary  Form  of  Application  to  attend  the  Examinations 
as  set  out  at  the  end  of  these  Rules  {see  pages  160  and  161);  also 
for  the  Forms  A  or  B  of  Proposal  for  Election. 

3.  Candidates  must  attend  in  the  Examination  Room,  on  the 
first  day  on  which  their  attendance  is  required  fifteen  minutes,  and 
on  subsequent  days  five  minutes,  before  the  time  fixed  for  the 
Examination. 

4.  Drawing  instruments,  scales  and  set  squares  must  be 
provided  by  the  Candidate  at  Examinations  where  they  may  be 
required.  Logarithm  tables  and  squared  paper  will  be  provided 
by  the  Institution.  No  other  books  or  instruments  may  be  carried 
into  the  Examination  Room. 

5.  The  list  of  successful  Candidates  will  be  printed  and  sent 
to  each  Candidate  about  a  month  after  the  Examination.  No 
other  Examination  Certificate  will  be  issued.  No  information  will 
be  given  as  to  the  number  of  marks  required  to  pass  or  gained  at 
any  Examination,  but  generally  Candidates  who  desire  it  will  be 
informed  in  writing  as  to  the  subjects  in  which  they  have  failed. 


•  The  first  Examinations  will  bo  held  in  October  1913. 


J 


Fkb.  11)13.  RULES    AND    SYLLABUS    OF    EXAMINATIONS. 


149 


6.  The  Papers  will  be  set  in  the  following  order : — 


Time  Table  of  Geaduateship  Examination. 


Day. 

Morning. 

Afternoon. 

Tuesday 

(                  English.                  \ 

\                10  A.M. — 1  P.M.                 / 

("Elementary  Mathematics. 
\                2—5  P.M. 

Wednesday 

(     Elementary  Mechanics.     ) 

\                10  A.M. — 1  P.M.                j 

i      Elementary  Physics 
lor  Elementary  Chemistry. 
(                 2—5  P.M. 

Time  Table  op  Associate  Membership  Examination. 


Day. 


Monday 


Tuesday 


Wednesday 


Thursday 


Friday  . 


Saturday 


Morning. 


Metallurgy 
10  A.M. — 1  p.m. 


Properties  and  Strength 

of  Materials. 

10  A.M. — 1  P.M. 


Afternoon. 


Applied  Mathematics. 

10  A.M. — 1  P.M. 


}{ 


Steam  and  Steam-Engine. 

10  A.M. — 1  P.M. 


General  Knowledge. 
2— 3.30  p.m. 


Physics  and  Chemistry. 
2 — 5  P.M. 


Internal-Combustion 
Engines. 
2 — 5  P.M. 


Hydraulics  and  Hydraulic   |  i  Electrotechnics  and  Design 
Machinery.  i||  of  Electrical  Machinery. 

10  A.M. — 1  P.M.  I  I  2 — 5  P.M. 


Theory  of  Machines  and 

Machine  Design. 

10  A.M. — 2  P.M. 
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GRADUATESHIP  EXAMINATION. 


The  qualifications  requisite  for  Graduateship  are  prescribed  by 
By-law  3,  as  follows : — 

"  Graduates  shall  be  persons  not  under  18  years  of  age,  who  " 
"  have  passed  the  Graduateship  Examination  prescribed  by  the  " 
"  Council's  Examination  Rules  for  the  time  being  or  such  other  " 
"  exempting  Examination  as  may  from  time  to  time  be  approved  " 
*'  by  the  Council  under  such  Rules,  and  shall  satisfy  the  Council  " 
"  that  they  have  received,  or  are  receiving,  regular  training  as  " 
"  JVIechanical  Engineers,  and  that  they  have  received,  or  intend  " 
"  to  obtain,  sufficient  practical  and  scientific  training  to  fit  them  " 
"  for  employment  in  responsible  positions  as  Mechanical  Engineers." 
"  No  person  shall  be  elected  a  Graduate  after  the  age  of  25  years." 

"  Graduates  may  not  continue  as  such  if  they  cease  to  follow  " 
*'  the  profession  of  Engineering,  nor  in  any  case  beyond  the  age  " 
"  of  28  years."  

The  Graduateship  Examination  may  be  taken  at  the  age  of 
17  years  or  over  by  Candidates  who  satisfy  the  Council  that  they 
have  the  intention  of  becoming  Graduates  and  that  they  have 
received,  or  intend  to  obtain,  sufficient  practical  and  scientific 
training  to  fit  them  for  employment  in  responsible  positions  as 
Mechanical  Engineers,  with  a  view  to  becoming  eligible  for  election 
as  Associate  Members. 

Candidates  over  twenty  years  of  age  may,  if  they  so  desire, 
take  the  whole  Associate  Membership  Examination  in  place  of  the 
Graduateship  Examination.  In  that  case  they  will,  if  passed,  be 
exempt  from  any  further  examination  when  they  are  Candidates 
for  Associate  Membership. 

Candidates  desiring  to  become  Graduates  must  fill  up  the 
appropriate  Form  of  Application  to  attend  the  Examination  (unless 
exempt).  They  must  also  have  completed  the  Form  B  of  Proposal 
lor  Election.  The  Forms  must  bo  transmitted  with  the  Examination 
Fee  of  One  Guinea  (unless  exempt)  (Two  Guineas  if  sitting  for  the 
whole  Associiite  Mem})orship  Examination)  and  a  Certificate  of  Birth, 
to  The  Secretsiry,  The  Institution  of  Mechanical  Engineers,  Storey's 
Gate,  St.  James's  Park,  London,  H.W.,  before  15th  February  or 
15th  August  for  the  April  and  October  Examinations  respectively. 
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Syllabus  of  Graduateship  Examination. 

I. — General  Knowledge. 

[Candidates  ivho  have  passed  this  Section  will  not  he  required  to  take 
A  {General  Knoivledge)  at  the  Associate  Membership  Examination. 
(See  page  155.)] 

English.     [One  paper.] 

Essay  on  a  set  subject  under  one  of  the  following  heads : — Literature, 
Science,  Technology.  Good  writing  and  punctuation  will  be 
insisted  pn,  and  the  power  of  expressing  the  writer's  ideas,  or 
reproducing  those  of  others,  with  unmistakable  clearness. 

English  Literature :  Some  acquaintance  with  the  general  course  of 
English  literature. 

Geography  of  Europe  and  of  the  British  Possessions,  with  a 
knowledge  of  the  leading  mercantile  and  passenger  routes. 

English  History:  Specially  the  last  two  centuries  (1688-1901). 

II. — Elementary  Mathematics.     [One  paper.] 

Arithmetic  :  The  ordinary  rules  of  arithmetic.    Decimal  fractions  and 

calculations  with   them.     Extraction   of  square  roots.     Use   of 

logarithms.     The  metric  system. 
Algebra  :  The  ordinary  rules  of  algebra.    Determination  of  common 

factors.     Simple  equations  with  one  or  two  unknown  quantities. 

The   elements   of   permutations  and   combinations.     Quadratic 

equations. 
Geometry :  The  geometry  of  straight  lines,  triangles  and  circles. 

III. — Scientific  Knowledge.     [Two  papers.] 

[Candidates  may  substitute  for  III  the  Scientific  Knoivledge  Examination 
for  Associate  Membership  B  [a)  and  B  (6)  (see  page  155),  in  which 
case,  if  they  pass,  they  will  not  be  required  to  take  those  subjects 
at  the  Associate  Membership  Examination.] 

(a)  Elementary  Mechanics : — 

Motion  of  a  point.  Velocity  and  acceleration,  their  composition 
and  moments.  Mass,  force,  and  weight,  and  their  measures. 
Rectilinear  motion  under  the  action  of  gravity.  Work  and  energy, 
their  units.  Composition  and  resolution  of  forces  at  a  point. 
Elementary  illustrations  of  mechanical  principles,  such  as  the 
lever,  pulley,  and  the  inclined  plane.  Elementary  problems  on 
friction. 

And  one  of  the  following : — 

either  (b)  Elementary  Physics  : — 

Measurement  of  temperature  and  pressure.  Expansion  of 
solids,  liquids  and  gases.  Specific  and  latent  heats.  Vapour 
pressure ;  boiling-point.  Conduction  of  heat.  Propagation  of 
light.  Reflection  and  refraction.  Simple  telescopes  and 
microscopes.  Properties  of  magnets.  The  compass.  Properties 
and  measurement  of  continuous  electrical  currents.  Simple 
cells.     Ohm's  law. 

or  (c)  Elementary  Chemistry  : — 

General  principles  of  chemistry  : — Water :  hydrogen  and  oxygen. 
Air :  nitrogen.  Symbols,  formulae  and  equations.  Laws  of 
chemical  combination.  The  halogens  and  halogen  acids.  The 
alkalis  and  alkaline  earths.  Salts.  Ammonia ;  oxides  of 
nitrogen  ;  nitric  acid.  Sulphur,  hydrogen  sulphide  ;  oxides  and 
acids  of  sulphur.  Carbon  and  its  oxides.  Silica.  The  metals ; 
their  general  physical  properties.  Simple  derivatives  of  typical 
metals. 
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List  of  Examinations  Exempting  from  the  Graduateship 

Examination. 


Graduateship    of     any    University    in     the     British     Empire, 
Whitworth  Scholars  and  Whitworth  Exhibitioners. 
University  of  London. 

Matriculation      and       School      Examination      (Matriculation 
Standard),    provided    one    of    the    subjects — Mechanics, 
Chemistry,    Physics     or     Drawing — is    covered     by    the 
Certij&cate. 
Universities  of  Manchester,  Leeds,  Liverpool,  and  Sheffield. 
Matriculation    Examination    of    the    Joint    Board,   provided 
either    Mechanics     or     Chemistry    is     covered     by    the 
Certificate. 
Universities  of  Birmingham  and  Liverpool. 
Matriculation  Examination  (Engineering). 
Universities  of  Glasgow,  Edinburgh,  Aberdeen,  and  St.  Andrews. 

Preliminary  Examination  in  Science. 
University  op  Bristol. 

Matriculation    Examination,   provided    a    science    subject    is 
included. 
University  of  Dublin. 

General  Examination  at  the  end  of  the  Senior  freshman  year. 
University  of  Wales. 

Matriculation  Examination. 
King's  College,  London,  and  University  College,  London. 

Matriculation  Examination,  Engineering  Department. 
City  and  Guilds  (Engineering)  College,  Kensington. 

Matriculation  Examination. 
Scotch  Education  Department. 

Leaving  Certificate,  provided  a  science  subject  is  included. 
Oxford  and  Cambridge  Local  Examinations. 

A  Senior  Certificate,  provided  a  science  subject  is  included. 
Oxford  and  Cambridge  Schools  Examination  Board. 

A  Higher  Certificate,  provided  a  science  subject  is  included. 
Central  Welsh  Board. 

A  Senior  or  an  Honours  Certificate,  provided  a  science  subject 
is  included. 
Institution  of  Civil  Engineers. 

Studentsliip  Examination. 
Naval  Cadets. 

Passing-out  Examination. 


Feb.  1913. 
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ASSOCIATE   MEMBERSHIP   EXAMINATION. 


The    qualifications    requisite    for    Associate    Membership    are 
prescribed  by  By-law  2,  as  foUows  : — 

"  No  Candidate  shall  be  elected  an  Associate  Member  unless  " 
"  he  is  at  least  25  years  of  age,  and  unless  either  :  " — 

"  (A)  Being  under  30  years  of  age,  he  has  passed  the  Associate  " 
"  Membership  Examination  prescribed  by  the  Council's  " 
"  Examination  Rules  for  the  time  being  or  such  other  " 
"  exempting  Examination  as  may  from  time  to  time  be  " 
approved  by  the  Council  under  such  Rules,  and  has  also  " 
"  produced  evidence  to  the  satisfaction  of  the  Council  that  " 
"  he  has  been  regularly  trained  as  a.  Mechanical  Engineer," 
has  had  sufficient  practical  experience  in  the  direction  " 
or  design  of  engineering  work,  and  is  following  the  " 
"  profession  of  Engineering.     Provided  always  that  any  " 
"  Candidate  being  a  Graduate  of  the  Institution  who  has  " 
"  attained  25  years  of  age  by  the  first  day  of  January  " 
1913,    and    any   other    Candidate   who    has    attained  " 
27    years  of   age  by  the   first   day  of    January   1913," 
"  may  be  elected  as  an  Associate  Member  under  the  next  " 
following  paragraph  (B)  as  if  he  were  30  years  of  age," 
"  instead  of  under  this  paragraph  ;  or  " 
Being  30  years  of  age  or  upwards,  he  shall  have  produced  " 
'  evidence  to  the  satisfaction  of  the  Council  either  " — 
That  he  " 

'  (a)  Has  received  a  good  general  education  ;  " 
'  (6)   Has    been    regularly    trained   as     a    Mechanical  " 

"  Engineer ;  and  " 
"  (c)  Has  had  subsequent  employment  for  at  least  one  " 
"  year  in  a  responsible  position  in  the  direction  or  " 
"  design  of  engineering  work,  and  is  actually  so  " 
"  engaged  at  the  time  of  his  proposal  for  Election ;  or  " 
"  II.  That  he  " 

"  (d)  Has  received  a  good  general  and  scientific  education  ;  " 
"  (e)   Has    had    sufficient     practical     experience     as    a  " 

"  Mechanical  Engineer ;  and  " 
"  (/)  Has  had  subsequent  employment  for  at  least  one  ' 
"  year  in  a  responsible  position  in  the  direction  or  " 
"  design  of  engineering  work,  and  is  actually  so  " 
"  engaged  at  the  time  of  his  proposal  for  Election." 


"(B) 
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The  Associate  IMembership  Examination  may  be  taken : — 

(a)  By  Graduates  of  the  Institution  at  the  age  of  20  years  or 

over. 

(b)  By  Candidates  for  Graduateship  between  20  and  25  years 

of  age  who  satisfy  the  Council  that  they  have  the 
intention  of  becoming  Associate  Members  and  that 
satisfactory  arrangements  have  been  made  for  their 
regular  training  as  Mechanical  Engineers. 

(c)  By  other  Candidates  of    25   years  of   age  or  over,  whose 

Proposals  for  Election  as  Associate  Members  have  been 
sent  in  to  the  Institution  and  considered  by  the  Council 
to  be  generally  in  order  subject  to  this  Examination 
being  passed  and  any  evidence  required  by  them  being 
produced. 

Candidates  for  Examination  must  fill  up  and  sign  the 
appropriate  Form  of  Application  to  attend  the  Examination. 
The  Form  must  be  transmitted  with  the  Examination  Fee  of 
Two  Guineas,  and  a  Certificate  of  Birth,  to  The  Secretary,  The 
Institution  of  Mechanical  Engineers,  Storey's  Gate,  St.  James's 
Park,  London,  S.W.,  before  15th  February  or  15th  August  for  the 
April  and  October  Examinations  respectively. 
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Syllabus  of  Associate  Membership  Examination. 
(A) — General  Knowledge. 

[A  short  essay  on  a  set  subject  coining  under  one  of  the  following 
heads,  one  subject  being  set  under  each  head.  One  and  a  half 
hours  allowed.] 

(a)  Literature, 

(b)  Science, 

(c)  Technology, 

or  (d)  Economics,  and  Workshop  Organization. 

(B) — Scientific  Knowledge. 

[Two  papers.     Three  hours  allowed  for  each.] 
(a)  Applied  Mathematics, 
and  (b)  Physics  and  Chemistry.     [The  candidate  being  required 
to  answer  some  questions  in  each  subject.] 

(a)  Applied  Mathematics. 

Statics, — General  conditions  of  equilibrium.  Calculation  of  stresses  in 
frameworks  by  means  of  force  and  link  polygons  and  by  the  method 
of  sections.  Shear  and  bending  moment.  Theorems  on  couples  and 
wrenches. 

Hydrostatics. — Centre  of  pressure.  Equilibrium  of  floating  bodies. 
Metacentre.  Steady  rotating  fluids.  Stability  of  walls  under  fluid 
pressure. 

Dynamics. — Rectilinear  and  circular  motion.  Centre  of  instantaneous 
rotation.  Linear  and  angular  momentum.  Work  and  energy. 
Centre  of  mass  and  moment  of  inertia.  Motion  about  a  fixed  axis. 
Impulsive  forces.  Equations  of  motion  of  a  rigid  body  with  simple 
applications.    Gyroscope. 

(b)  Physics  and  Chemistry. 

Physics. — Measurement  of  temperature.  ESect  of  temperature  on 
volumes  of  solids,  liquids  and  gases.  Properties  of  unsaturated 
and  saturated  vapours.  Measurement  of  heat,  specific  and  latent 
heats.  Transmission  of  heat.  Conservation  of  energy.  Properties 
of  mirrors  and  lenses.  Simple  telescopes  and  microscopes. 
Photometry.  Properties  of  magnets.  Magnetic  fields.  The  earth's 
magnetism.  The  compass.  Properties  and  measurement  of  electric 
currents.  Production  of  electric  currents  by  voltaic  and  storage 
cells  and  by  motion  of  conductors  in  magnetic  fields.  Force 
acting  on  a  conductor  carrying  current  in  a  magnetic  field. 
Magnetization  of  iron.  The  properties  of  electrostatic  charges. 
Sound  and  its  propagation. 

Chemistry. — Elements  ;  compounds  ;  laws  of  chemical  combination. 

The  gas  laws.  Changes  in  volume  accompanying  reactions  between 
gases. 

The  non-metallic  elements,  their  occurrence,  properties  and  chief 
compounds.  Attention  should  be  paid  more  particularly  to  (A 
elements)  hydrogen,  oxygen,  nitrogen,  carbon,  chlorine,  sulphur, 
and  silicon ;  (B  compounds)  water  (soft  and  hard  water),  ammonia, 
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uitric  acid,  the  oxides  of  carbon,  methane  and  the  paraffins, 
ethylene,  acetylene,  hydrochloric  acid,  the  oxides  of  sulphur, 
sulphuric  acid  and  silica. 

Energy  changes  involved  in  chemical  combination ;  combustion. 

General  properties  of  the  metals.  Copper,  zinc,  aluminium,  tin, 
lead  and  iron,  their  oxides  and  principal  alloys.  Behaviour  of  the 
metals  specified  towards  oxygen,  steam,  the  commoner  acids  and 
sulphur. 

The  theory  of  electrolysis  and  the  chemistry  of  primary  and  secondary 
batteries.  The  principles  governing  the  applications  of  electrical 
methods  in  the  preparation  of  metals  and  the  commoner  inorganic 
materials. 

(C) — Technical  Knowledge. 

[Two   papers   selected   from   the   following   list   of   alternative 

subjects.     Three  hours  allowed  for  each.] 

(a)  Properties  and  Strength  of  Materials. 

(b)  Steam  and  the  Steam-Engine. 

(c)  Internal- Combustion  Engines. 

(d)  Hydraulics  and  Hydraulic  Machinery. 

(e)  Electrotechnics,  and  Design  of  Electrical  Machinery. 

(f)  Theory  of  Machines  and  Machine  Design  (4  hours). 

(g)  Metallurgy. 

(a)  Properties  and  Strength  of  Materials. 

Elastic  properties  of  materials.  Stress  and  strain.  Hooke's  law. 
Poisson's  ratio.  Limit  of  elasticity,  yield-point,  ultimate  strength. 
Young's  modulus.  Coefficient  of  rigidity.  Physical  constants  for 
cast-iron,  wrought-iron,  mild  steel,  and  hard  steel.  Effects  of 
overstraining  and  annealing.  Fatigue  of  materials. 
Tension,  compression,  shear,  torsion  and  bending.  Formulae 
applicable  within  the  elastic  limit.  Stress  ellipse.  Combination 
of  bending  and  torsion.  Machines  for  testing  materials. 
Instruments  for  measuring  strains.  Ordinary  observations  in 
testing  iron  and  steel.  Forms  of  test  pieces.  Elongation  and 
contraction  of  area.  Stress-strain  diagrams.  Testing  of  cements 
and  cement  mortars. 

(b)  Steam  and  the  Steam-Engine. 

Physical  properties  of  steam.  Steam  tables.  Temperature-entropy 
and  Mollior  charts.  Fundamental  laws  of  thermodynamics. 
Kcvcrsiblo  and  irreversible  processes.  Carnot's  cycle.  Absolute 
temperature.  Efficiency  of  ideal  cycles.  Work  done  during 
expansion.  Unresisted  expansion.  liankine-Clausius  cycle  for 
wet,  dry  and  superheated  steam. 

Behaviour  of  steam  in  engine  cylinders.  Indicated  steam.  Leakage. 
Superheating.  Compounding,  llorso-powor  and  steam  consumption. 

Testing  of  engines.  Indicators  and  reducing  gears.  Indicator 
diagrams.  Compounding  diagrams.  Steam  calorimeters.  Brakes 
and  dynamometers.  Brake,  indicated,  and  shaft  horse-power. 
Steam  consumption,  "i'liermal  cflicioncy.  Mechanical  efficiency. 
Willans  lines. 

Valves,  valve-gears,  and  valve  diagrams.     Governors. 

Crank-effort  diagrams.  Fluctuation  of  speed.  Fly-wheels.  Inertia 
of  moving  parts.     The  balancing  of  engines. 

Injectors. 
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The  steam-turbine.    Types.    Power  and  steam  consumption.   Leakage. 
Fuels.     Combustion;   air  supply  and  regulation.    Analysis  of  flue 

gases. 
Boilers.    Types.     Boiler  trials. 
Superheaters.     Economisers. 
Condensers.     Types.    Air-pumps  and  circulating  pumps. 

(c)  Internal- Combustion  Engines. 

Combustion  and  explosion  of  inflammable  gases  and  vapours  in  air. 
Pressures  and  temperatures  of  explosion  at  difierent  initial 
pressures.  Time  of  explosion  ;  time  of  cooling.  Effect  of 
combustion  chamber  dimensions  on  ignition  and  cooling.  Effect 
of  compression. 

Four-stroke  engines.  Two-stroke  engines.  Arrangements  of  inlet 
and  exhaust  valves.  Igniting  devices ;  flame ;  hot  tube ;  electrical, 
low  and  high  tension.  Valve  arrangements  for  coal  gas  and 
producer  gas.  Air,  water  and  oil  cooled  pistons ;  their  design. 
Water  cooled  valves.  Methods  of  allowing  for  expansion  of 
cylinders  due  to  temperature  differences.  Heavy  oil  engines ; 
means  for  vaporising,  ignition  by  hot  enclosing  surfaces.  Diesel 
engines  ;  ignition  by  compression  ^temperatures.  Petrol  engines  ; 
carburettors,  electrical  ignition. 

Governing ;  cycles  and  devices. 

Thermodynamics  of  air  cycle  assuming  constant  specific  heat. 
Constant  volume  and  constant  pressure  engines.  Air  standard 
efficiencies.  Actual  thermal  efficiencies.  Brake  and  indicator. 
Actual  maximum  and  mean  pressures  in  different  types  of 
engines. 

Indicator  diagrams ;  normal  and  abnormal.  Difficulties  of  working 
fluid ;  pre-ignition  and  back  ignition ;  late  ignition,  early  ignition. 
Charging  and  discharging  resistances  in  four-  and  two-stroke 
engines. 

Gas-producers  of  pressure  and  suction  types. 

(d)  Hydraulics  and  Hydraulic  Machinery. 

Pressure  of  water  at  a  point.  Centre  of  pressure.  Pressure  on  a  surface. 
Flow  of  water  through  orifices,  notches,  and  weirs.  Laws  of  fluid 
friction.  Steady  flow  in  pipes  and  uniform  channels.  General 
phenomena  of  flow  in  rivers.  Gauging  of  flow  in  rivers.  Impact 
of  jets  on  planes.  Types  of  turbines.  General  principles  of  design 
of  turbines.  Governing  of  turbines.  Types  of  pumping  machinery. 
Variation  of  efficiency  with  lift  in  reciprocating  pumps.  General 
principles  of  design  of  centrifugal  pumps.  General  principles  of 
hydraulic  transmission  of  power. 

(e)  ElectrotecJinics,  and  Meclianical  Design  of  Electrical  Macliinery. 
Definition  of  electrical  quantities,  and  Ohm's  law. 

Electrical  and  mechanical  efficiency,  and  connection  between  mechanical, 

electrical,  and  thermal  units  of  power  and  work. 
Self-induction    and  its  effect  on  the  output   of  alternating  current 

machinery. 
The  generation  of  heat  in  electrical  machinery  by  the  passage  of  the 

current. 
General  features  and  principles  of  action  of  continuous  current  and 

alternating  current  machinery. 
Mechanical  features  of  electrical  machinery  as  applied  to  different  uses. 
The  use  of  electrical  measuring  instruments. 
Principles  of  transformers,  rotary  converters,  and  motor  generators. 
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Types  of  cables  commonly  employed  in  factories  and  workshops. 
Comparison   between   electrical  transmission   and   purely  mechanical 

transmission  of  power  in  factories  and  workshops. 
Electric  lighting,  types  of  lamps  generally  employed  with  current  and 

voltage  required  by  them. 
Conductors  and   non-conductors  of  electricity  and   their  mechanical 
properties. 

(f)  Theory  of  Machines  and  Machine  Design. 

Lower  and  higher  pairing.  Kinematic  chains.  Skew  mechanism,  such 
as  Hooke's  joint.  Methods  of  determining  the  relative  velocity  of 
different  parts  in  a  machine,  by  calculation  and  by  graphic 
methods.  Velocity  and  acceleration  diagrams  of  the  piston  in  the 
ordinary  steam-engine.  Theory  of  the  teeth  of  wheels.  Wheels  in 
trains.  Application  of  wheel  trains  in  screw-cutting  machinery  and 
change-speed  gearing  for  machine-tools.  Ratchet  mechanism. 
Theory  of  cams.  Self-feeding  for  machine-tools.  Return  motions. 
Method  of  effecting  different  velocity  ratio  with  belts.  Anti-friction 
devices  of  various  kinds. 

Fastenings;  including  riveted  joints,  bolts,  joint  pins,  nuts,  keys, 
cotters,  stays.  Journal  and  thrust  bearings  ;  plain,  ball  and  roller. 
Crank  pins ;  shafts ;  axles.  Couplings ;  box,  flange  and  friction. 
Supports  for  shafting ;  pedestal,  foot-steps,  axle-boxes.  Belt  gearing ; 
proportion  and  construction  of  pulleys,  plain  and  stepped.  Design 
of  pulleys  for  rope  and  wire-rope  transmission.  Tooth  gearing, 
design  of  teeth.  Bevel  wheels.  Screw  gearing.  Design  of  pipes 
and  cylinders.  Design  and  strength  of  cranks  and  levers,  rams, 
pistons  and  piston-rods,  valves  and  cocks. 

Answers  to  questions  on  Machine  Design  requiring  drawing  are 
to  be  generally  in  the  form  of  carefully  drawn  and  dimensioned 
hand  sketches.  In  cases  where  the  question  involves  accurate 
drawing,  drawing  instruments  may  be  used.  For  this  Paper 
drawing  boards  and  T  squares  will  be  provided. 

(g)  Metallurgy. 

The  physical  properties  of  metals  generally  used  by  engineers  :  density, 
varieties  of  fracture,  malleability,  ductility,  tenacity,  conduction  of 
heat  and  electricity.  Action  of  heat,  welding.  Effects  produced 
by  hammering,  rolling  and  annealing.  Elements  of  metallography. 
Characters,  composition  and  uses  of  the  chief  fuels.  The  regenerative 
system.  The  chief  forms  of  pyrometer  and  their  applications  and 
materials  used  in  the  construction  of  furnaces. 
Principles  of  iron  and  steel  manufacture.  The  chief  processes. 
Composition,  physical  properties  and  uses  of  iron,  steel,  cast-iron, 
high-speed  tool-steels  and  other  special  steels.  Acid  and  basic 
Bteels.  Classification  of  ordinary  steel  for  tools,  springs,  etc. 
Effects  of  carbon,  phosphorus,  sulphur  and  other  elements  on  iron 
and  its  alloys.  Hardening  and  tempering.  The  chief  ores  of 
copper,  lead,  tin,  silver,  and  gold.  Outlines  of  the  methods  of 
extraction  of  these  metals  and  the  principles  and  chemical  changes 
on  which  they  are  based.  Physical  properties  and  uses  of  copper. 
Composition,  physical  properties  and  uses  of  the  chief  alloys  of 
copper,  tin  and  lc;i,d  ;  brasses,  bronzes,  Inuirings  and  anti-friction 
alloys,  and  type  metals.  I'Mectro-doposition  of  copper,  nickel,  and 
Bilver.     Corrosion  of  metals. 
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List  of  Examinations  Exempting  from  the 
Associate  Membership  Examination. 

Engineering  Degrees  of  any  British  or  Irish  University. 

Diplomas  in  Engineering   of   the   City  and    Guilds  (Engineering) 

College,  Kensington,  University  College,  London,  and  King's 

College,  London. 
Whitworth  Scholarships  and  Exhibitions. 
Associate    Membership   Examination   of   the    Institution  of    Civil 

Engineers. 
Examination  for  Naval  Officers  which  qualifies  as  Lieutenant  (E.). 


List  of  Examinations  Exempting  from  portions  of  the 
Associate  Membership  Examination. 

Candidates  who  have  passed  Part  I,  General  Knowledge,  in  the 
Graduateship  Examination  {see  page  151)  will  be  excused  Part  (A), 
General  Knowledge,  in  the  Associate  Membership  Examination 
{see  page  155).  Candidates  who  have  passed  Part  III,  Scientific 
Knowledge,  in  the  Graduateship  Examination  {see  page  151)  will 
be  excused  from  Part  (B),  Scientific  Knowledge,  in  the  Associate 
Membership  Examination  {see  page  155).  Candidates  who  have 
passed  an  Examination  exempting  from  the  Graduateship 
Examination  will  be  excused  Parts  (A)  and  (B)  in  the  Associate 
Membership  Examination  {see  page  155). 
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Application  to  attend  tlie  Examinations. 


[Statement  to  be  filled  in  by  Candidates  for  Oraduateship  between  the  ages 
of  17  and  25  years.] 

[The  part  not  applicable  to  the  case  to  be  struck  out.] 

I  desire  to  take  the  Graduateship  Examination  in 

19 in  English,  Elementary  Mathematics,  Elementary  Mechanics, 


1  /  strike  out  \  Elementary  Physics. 
^^^  \one  of  these)  Elementary  Chemistry. 


I  enclose  a  Certificate  of  Birth  and  the  Examination  Fee  of 
One  Guinea. 

Date Signature  of  Candidate 

[Or] 

I  desire  to  take  the  Graduateship  Examination  in  English 
and  Elementary  Mathematics,  and  the  Associate  Membership 
Examination  in  Applied  Mathematics  and  Physics  and  Chemistry, 
and  enclose  a  Certificate  of  Birth  and  the  Examination  Fee  of  One 
Guinea. 

Date Signature  of  Candidate 
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Application  to  attend  the  Examinations, 


[Statement  to  be  filled  in  by  Candidates  for  Graduateship  or  by  Graduates, 
over  20  years  of  age,  who  desire  to  take  the  Associate  Membership  Examination ; 
also  by  all  Candidates  for  Associate  Membership  between  the  ages  of  25  and 
30  years,  unless  exempt  from  the  Examination.] 

[The  part  not  applicable  to  the  case  to  be  struck  out.] 

I  desire   to   take   the  Associate   Membership   Examination   in 
19 in  General  Knowledge  {JifJ^:^,),  Applied 

Mathematics   and    Physics   and   Chemistry  \oid\f^exemnt)'>  ^^^  ^^^® 
following  two  technical  subjects : — 

Properties  and  Strength  of  Materials. 
/  Strike  \     Steam  and  the  Steam-Engine. 
out  Internal-Combustion  Engines. 

five  Hydraulics  and  Hydraulic  Machinery. 

^/  Electrotechnics,  and  Design  of  Electrical  Machinery. 

\     these.    I     Theory  of  Machines  and  Machine  Design. 
Metallurgy. 

I  enclose  a  Certificate  of  Birth  and  the  Examination  Fee  of 
Two  Guineas. 

Date Signature  of  Candidate 


-•^ 
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Discussion. 

The  President  said  that,  as  the  Annual  Report  had  been 
circulated  to  all  the  members,  he  presumed  it  would  be  in  accordance 
with  their  wishes  that  it  should  be  taken  as  read.  He  desired  to 
go  through  the  Report  and  call  attention  to  one  or  two  of  the  more 
important  matters  referred  to  therein.  It  would  be  noticed  that  the 
roll  of  the  Institution  had  made  considerable  progress  during  the  past 
year,  there  having  been  a  net  increase  of  332  to  the  membership  of 
all  grades,  and  the  total  membership  of  the  Institution  had  for  the 
first  time  exceeded  6,000,  the  actual  total  being  6,160.  Therefore 
so  far  as  numbers  were  concerned,  the  Institution  had  clearly 
progressed.  It  would  be  seen  from  page  107  of  the  Report  that  the 
members  could  congratulate  themselves  that,  so  far  as  accounts 
were  concerned,  the  revenue  had  exceeded  the  expenditure  by 
something  over  X3,500.  A  considerable  addition  had  therefore 
been  made  to  the  capital  funds  of  the  Institution,  which  was  an 
important  matter  at  the  present  time,  because  of  the  large 
expenditure  which  was  being  incurred  in  connection  with  the 
extension  of  the  building.  It  had  fallen  to  the  Institution  to 
award  the  WiUans  Premium  during  the  past  year,  and  it  had  been 
awarded  to  Professor  Bertram  Hopkinson  for  his  Papers  on  "  The 
Indicated  Power  and  Mechanical  Efficiency  of  the  Gas-Engine  "  and 
"  The  Effect  of  Mixture  Strength  and  Scavenging  upon  Thermal 
Efficiency."  The  next  award  of  the  Willans  Premium  by  the 
Institution  would  be  made  in  February  1919.  The  third  award  of 
the  Water  Arbitration  Prize  had  been  made  during  the  past  year 
to  Mr.  L.  Zodel  for  his  Paper  on  "  High-Pressure  Water- Power 
Works "  which  was  read  and  discussed  at  the  Ziirich  Summer 
Meeting.  A  very  sad  feature  in  connection  with  that  award  was 
that  the  intimation  to  Mr.  Zodel  reached  him  practically  on  his 
death-bed.  The  Council  were  not  aware  at  the  time  that  he  was 
so  ill,  but  they  were  very  glad  to  know  that  he  was  able  to 
appreciate  the  j)rize,  and  tliat  it  was  a  source  of  great  satisfaction 
to  liim  and  to  his  family.  The  family  had  asked  that  the  prize 
in   the   present   instance   should    take    the   form   of   a  bronze ;   a 
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selection  had  accordingly  been  made  from  the  works  of  Mr.  Hamo 
Thornycrof  t,  and  it  would  duly  be  sent  to  Switzerland  in  accordance 
with  the  wishes  of  Mr.  Zodel's  family. 

With  regard  to  the  question  of  the  extension  of  the  Institution 
house  referred  to  on  page  108,  it  was  a  great  regret  to  the  Council 
that  quicker  progress  had  not  been  made.  The  Council  had  been 
faced  with  circumstances,  over  which  they  had  no  control,  which 
had  delayed  the  work  considerably,  very  largely  due  to  the 
difficulty  of  getting  steel  for  the  building.  That  was  a  difficulty 
which  had  arisen  in  all  building  operations  during  the  last  six  or 
eight  months,  and  even  at  the  present  time  it  had  not  been 
overcome.  The  Council  were  assured,  however,  by  the  architect 
and  by  the  contractors  that  they  might  hope  to  be  in  occupation 
of  the  building  by  the  end  of  next  May  or  the  beginning  of  June, 
and  they  trusted  that  that  expectation  would  be  realized.  The 
building  was  at  the  present  moment  nearly  roofed  in,  and  after 
that  part  of  the  work  was  done,  much  greater  progress  could 
be  made. 

Another  subject  of  importance  to  the  Institution,  which  it 
was  hoped  would  be  well  supported  by  the  members,  was  that 
arrangements  had  been  made  for  the  institution  of  the  Benevolent 
Fund  which  had  been  referred  to  in  previous  Reports.  The 
members  would  notice  the  statement  on  page  109  that  a  copy  of  the 
Rules  would  shortly  be  issued  to  each  member,  and  the  Council 
trusted  that  the  issue  of  that  notice  would  lead  to  liberal 
subscriptions  and  donations  to  the  Fund,  which  it  would  be 
remembered  was  started  by  a  gift  of  £1,000  from  Mr.  Allen. 
The  next  paragraph  of  the  Report  dealt  with  the  question  of  the 
institution  of  Examinations,  which  he  would  not  further  refer  to 
at  the  moment  because  it  would  be  the  subject  of  a  special 
resolution  to  be  subsequently  moved  in  connection  with  the 
alteration  of  the  By-laws.  The  Alloys  Research  Committee  had 
done  further  work  during  the  year,  and  its  Tenth  Report  was 
presented  during  the  past  Session. 

At  the  last  Annual  General  Meeting,  the  question  was  raised 
whether  the   Institution  was  doing  all   that  was  possible  for   the 
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benefit  of  members  residing  in  the  country.  A  great  deal  of  time 
had  been  given  by  the  Council  to  ascertaining  the  views  of 
provincial  members,  and  many  hundred  replies  had  been  received, 
in  writing,  through  the  local  Members  of  the  Council.  The  whole 
matter  had  been  very  carefully  discussed,  but  it  did  not  appear 
from  the  replies  that  were  received  and  from  the  information 
obtained,  that  it  was  really  necessary  to  make  any  drastic  change 
in  the  established  practice  of  the  Institution.  It  would  be 
remembered  that  some  time  ago  Mr.  Charles  Hawksley  oflPered 
.£1,000  to  the  Institution  in  memory  of  his  father.  It  was 
suggested  to  Mr.  Hawksley  that,  with  his  permission,  the  Council 
would .  like  to  found  an  Annual  Lecture  to  be  named  after  his 
father,  Thomas  Hawksley,  and  Mr.  Hawksley  had  kindly  assented 
to  the  proposal.  There  would  in  future  be  an  annual  "  Thomas 
Hawksley  Lecture,"  which  it  was  hoped  might  sometimes  be  given 
in  London,  sometimes  in  the  country,  and  sometimes  be  repeated, 
and  in  that  way  the  Institution  hoped  to  get  into  closer  touch 
with  some  of  the  provincial  centres. 

There  were  several  matters  dealt  with  in  the  Report  which  he 
would  pass  over,  but  he  thought  he  ought  to  refer  to  the  way  in 
which  the  Calcutta  and  District  Section  of  the  Institution  had 
made  progress  during  the  year.  There  were  now  seventy-one 
members  in  that  Local  Section  in  Calcutta,  and  it  was  doing 
a  very  good  and  useful  work.  The  Graduates  had  also  been 
very  energetic  during  the  Session,  and  had  discussed  several  very 
useful  Papers,  in  addition  to  paying  a  number  of  visits  to  works, 
and  so  on.  A  very  valuable  Lecture  was  also  given  to  the 
Graduates  by  Dr.  Stanton  on  "  Recent  Researches  at  tlie  National 
Physical  Laboratory  " ;  while  only  a  few  days  ago  Dr.  Coker  gave 
an  exceedingly  interesting  Lecture,  at  which  he  was  extremely 
sorry  to  say  he  was  not  able  to  be  present,  and  he  was  very  much 
indebted  to  the  President-Elect,  Sir  Frederick  Donaldson,  for 
taking  the  Chair  on  that  occasion.  The  Council  hoped  it  might  be 
possible  to  reproduce  the  Lecture  in  a  suitable  form,  and  the  matter 
was  now  under  their  consideration.  He  thought  that  was  all  he 
need  say  about  the  Report,  which  spoke  for  itself. 
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Before  formally  moving  its  adoption,  he  would  be  very 
glad  to  hear  any  remarks  that  the  members  present  might  wish 
to  make,  or  to  answer  any  questions  they  desired  to  ask.  He 
omitted  to  mention  that  in  the  Appendix  the  Draft  Scheme  for 
the  Graduateship  and  Associate  Membership  Examinations  would 
be  found,  but,  as  he  had  previously  stated,  that  particular  matter 
would  be  dealt  with  in  a  subsequent  resolution  dealing  with  the 
question  of  the  By-laws. 

As  no  one  desired  to  make  any  remarks,  he  formally  moved  the 
adoption  of  the  Annual  Report. 

Sir  H.  Frederick  Donaldson,  K.C.B.  (Vice-President),  seconded 
the  motion,  which  was  carried  unanimously. 


The  President  said  the  question  of  the  necessary  alterations 
of  the  By-laws  which  were  required  in  order  to  carry  out  the 
scheme  of  Examinations,  which  was  approved  in  general  at  the  last 
Meeting,  had  now  to  be  dealt  with.  The  matter  was  an  extremely 
important  one  as  affecting  the  future  welfare  of  the  Institution, 
and  it  had  engaged  the  attention  of  the  Council  during  the  whole 
tim.e  of  his  Presidency.  He  urged  the  matter  upon  the  attention 
of  the  Members  two  years  ago,  when  he  stated  that  he  did  not 
come  before  the  Members  with  any  detailed  scheme,  but  simply 
gave  his  own  views — and  he  knew  the  views  of  many  others — as 
to  the  policy  the  Council  and  Members  should  adopt  with  regard 
to  that  important  matter.  The  subject  was  taken  up  outside  the 
Council,  and  many  letters  were  received  from  members  in  different 
parts,  urging  the  Council  to  proceed  with  a  scheme  which  had  from 
that  time  to  within  the  last  few  days  occupied  the  attention  of 
Committees  of  the  Council,  which  had  taken  a  great  deal  of  pains 
and  done  a  large  amount  of  work  in  order  to  produce  a  scheme  in 
such  a  form  as  could  be  recommended  for  the  adoption  of  the 
members.  The  members  must  bear  in  mind  that  it  was  not  as  if 
the  Institution  were  starting  a  plan  altogether  without  experience 
of  the  results  in  other  Institutions.      Throughout,  they  had   had 
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the  inestimable  advantage  of  the  great  assistance  rendered  by 
Dr.  Unwin,  who  was  one  of  the  earliest  Professors  of  Engineering, 
if  not  the  very  earliest,  in  this  country.  There  was  no  man 
who  recognized  the  importance  of  practical  work  and  experience 
more  than  Dr.  Unwin  did.  In  proposing  the  scheme  for  the 
favourable  consideration  of  the  members,  it  must  not  be  felt  that 
the  Council  thought  that  examinations  alone  w^ere  anything  like 
sufficient  to  make  an  engineer.  He  would  not  further  dilate 
upon  that  matter,  as  the  members  were  well  acquainted  with 
his  views  on  the  subject,  and  had  seen  all  the  pros  and  cons  that 
had  been  advanced  in  regard  to  it,  and  they  had  given  their 
support  to  the  Council  in  the  matter.  Some  might  think  that 
the  Council  had  hardly  been  sufficiently  drastic,  but  the  Council 
felt  that  it  w^as  necessary  to  start  the  scheme  in  a  tentative 
manner ;  that  they  must  not  make  it  too  severe ;  that  they  must 
give  sufficient  time  for  all  the  younger  men  to  know  what  was 
expected  of  them  in  the  future,  so  that  they  might  take  the 
necessary  steps  early.  He  was  expressing  the  views  of  every 
one,  he  was  sure,  when  he  said  the  Council  thought  the 
examinations  which  were  required  for  Associate  Membership  and 
Graduateship  of  the  Institution  should  be  got  over  early.  To 
expect  men  of  thirty  and  forty  years  of  age  and  upw^ards  to  pass 
examinations  which  could  be  passed  by  young  men  of  twenty, 
twenty-two  or  twenty-three  years  of  age  without  much  difficulty, 
was  not  very  wise  or  desirable,  and  the  propositions  made  by  the 
Council  were  based  very  much  on  those  considerations. 

The  proposed  alterations  of  By-laws  had  been  before  all  the 
members,  but  he  desired  to  call  attention  particularly  to  that  page 
in  the  pamphlet  where  the  first  main  alteration  was  set  out.  It 
would  be  seen  that,  under  the  By-law  as  now  proposed,  no 
ciindidate  would  be  elected  an  Associate  Member  unless  he  was 
at  least  twenty-five  years  of  age,  which  was  the  present  rule, 
"  unless  either  :  (A)  Being  under  30  years  of  age,  he  has  passed 
the  Associate  Membership  Examination  prescribed  by  the  Council's 
Examination  Rules."  In  addition  to  that,  he  must  satisfy  the 
Council    as    to    his    practical    training,    ability,    and    experience. 
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He  ought  also  to  call  attention  to  the  fact  that  Graduates  who 
had  attained  the  age  of  twenty-five  years  at  the  present  time 
would  not  be  required  to  pass  the  Examination,  and  that  no 
candidate  who  was  twenty-seven  years  of  age  at  the  present 
time  would  be  required  to  pass  the  Examination,  so  that  there 
would  be  a  year  or  two  available  before  the  full  age  of  thirty 
was  reached.  After  that  time,  all  candidates  under  thirty  years 
of  age  would  have  to  pass  the  Examination.  If  they  were  over 
that  age,  there  was  no  change  in  the  By-law  proposed  at  all ; 
they  w^ould  come  in  exactly  the  same  way  under  the  present  Rules 
which  w^ere  set  out  in  the  pamphlet.  He  thought  that  was  all  he 
need  say  about  the  Associate  Members. 

With  regard  to  the  Graduates,  it  would  be  seen  that  all 
Graduates  would  have  to  pass  the  Graduateship  Examination  or 
its  equivalents  which  were  also  set  out  later  on.  Equivalent 
examination  applied  also  to  Associate  Members.  Provision  was 
made  that  the  Graduates  might  pass  their  examination  even  at  the 
age  of  seventeen,  so  that  they  could  pass  on  leaving  school,  even  if 
they  were  not  eligible  at  the  moment  for  admission  as  Graduates. 
It  w^ould  be  noticed  that  there  was  an  additional  By-law,  No.  9a, 
which  dealt  with  the  Rules  governing  the  Examinations.  The 
remainder  of  the  pamphlet  consisted  of  various  consequential 
alterations  and  the  new  forms  of  proposal  as  Member,  Associate 
Member,  Associate,  and  Graduate.  The  principal  alteration, 
excepting  those  of  a  consequential  character,  was  in  the  proposal 
for  Graduates.  Under  the  present  rules,  three  signatures  had  to  be 
obtained  to  the  proposal  as  Graduate  before  it  could  be  considered. 
The  Council  desired  the  Graduates  to  come  in  as  early  as  possible, 
and,  as  it  was  felt  that  the  number  of  signatures  required  w^as 
sometimes  a  difficulty,  under  the  new  proposal  one  signature  on  the 
proposal  form  would  be  sufficient,  if  the  general  requirements  and 
qualifications  were  met.  With  these  few  explanatory  remarks,  he 
moved : — 

"  That  the  By-laws  as  amended  be  adopted  as  the  By-laws 
of  the  Institution,  in  place  of  those  revised  in  February 
1907." 
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Dr.  W.   Cawthorne  Unwin  (Vice-President),  in  seconding  the 
motion,  pointed  out  first  of  all  that  practically  the  whole  of  the 
alterations  proposed  in  the  By-laws  were  purely  consequential  on 
the  proposal  to  adopt  a  system  of  examination.     In  adopting  a  plan 
of  examination,  the  Institution  was  merely  following  the  lead  of 
nearly  every  other   Technical   Society.      All   those   Societies   had 
found  the  need  of  having  some  more  definite  test  of  the  technical 
knowledge  of  candidates  than  the  statements  in  a  proposal  form. 
His   memory   went    back    to    the    time   when    it   was    rather   a 
disadvantage    to    a    young    man,    seeking    to    make    his    way    in 
engineering,   that    he    had    had    some    technical   training.      The 
justification  for  that  w^as,  that  the  means  of  obtaining  anything  like 
definite  engineering  technical  training  were  very  scanty  at  the  time  ; 
the  engineering  schools  w^ere  imperfectly  staffed  and  badly  equipped, 
and  the  instruction  was  not  very  solid  or  very  practical.     During 
the  last  twenty  years  that  state  of  things  had  changed  enormously. 
There  were  now  ample  means  of  getting  technical  instruction,  and 
the  schools  had  become  very  much  more  thorough  and  very  much 
more  practical  in  the  instruction  which  was  given.     It  was  now 
increasingly  recognized  that  Engineering  was  a  profession  involving 
in  all  its  branches  so  much  reference  to  scientific  principles,  that  a 
basis  of  technical  training  was  a  very  essential  part  of  an  engineer's 
training.      It    was   not   intended  in   any    sort   of    way   that   the 
qualifications,  tested    by  the    examinations  which   were    proposed 
for   the   Institution,  should   supersede   or    override   the   practical 
qualifications  which  were  tested  by  the  record  of  a  man's  practical 
experience.     Hitherto  the  Institution  had  always  required  to  know 
the  kind   of  education  a  man  had  had,  but  the  information  given 
on  the  proposal  forms  in  regard  to  education  had  been  very  difficult 
to  appraise.     It  had  not  seemed  good  to  the  Council  to  say  that  no 
one  should  become  an  Associate  Member  of  the  Institution  unless 
he  could  pass  the  examination ;  and   he  thought  the  Council  had 
been  very  wise  in  that  resolution.     It  must  be  the  case  that  for 
many  in(;n,  even  if  they  liad  had  some  initial  technical  training,  if 
tli(!y  did  jiot  (;()nie  forward  to  enter  the  Institution  till  they  had 
r('m']\vA  a  certjiin  age,  examination  was  rather  a  serious  obstacle. 
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The  Council  had  decided  that,  unless  a  man  was  younger  than  thirty, 
he  would  not  be  subjected  to  examination.  That  did  not  at  first 
sight  seem  entirely  logical,  but  he  thought  there  was  a  very  good 
defence  for  it.  When  a  man  had  reached  the  age  of  thirty  or  more, 
he  had  passed  through  a  considerable  experience,  and  his  record  in 
that  case  did  become  a  sufficient  basis  for  deciding  on  his  fitness  to 
become  a  member  of  the  Institution.  On  the  other  hand,  it  was 
much  more  difficult  in  the  case  of  younger  men,  who  had  had  a 
much  shorter  practical  experience,  to  be  sure  that  their  qualifications 
were  what  they  should  be.  By  adopting  the  examination  system 
for  younger  men,  and  adding  to  that  some  inquiry  as  to  the 
experience  they  had  had,  and  some  estimate  of  the  probabilities  of 
the  course  they  were  pursuing,  the  Council  thought  they  could,  in 
the  case  of  the  younger  men,  be  just  as  sure  as  they  could  in  the 
case  of  the  older  men  that  they  had  proper  qualifications  for 
admission  to  the  Institution. 

There  was  one  point  to  which  he  wished  to  refer,  namely,  that 

he  thought  the  Council  would  be  very  glad  indeed  to  be  relieved  of 

the  necessity  of   themselves    examining   candidates,  provided   the 

latter  could  produce  certificates  of  having  passed  examinations  which 

were  at  least  an  equivalent  to  those  which  the  Institution  proposed 

to  establish.     They  had,  therefore,  prepared  a  provisional  list  of 

Examinations  which  would  be  accepted  as  exempting  examinations. 

In  preparing  the  Associate  Membership  list,  they  had  at  present 

confined   themselves   to    taking    all    those    examinations   in   this 

country,  the  certificate  of  having  passed  which  guaranteed  that  a 

man   had   entered  on  a  course  of   technical  study  after  a  proper 

matriculation    examination,    showing    that    he    was   fit    to    begin 

technical  study,  and    that   he  had  passed  through  a  three  years' 

course  of  study  and  successfully  obtained  a  degree  or  a  diploma  at 

the  end  of  his  course.     Naturally,  that  list  was  a  somewhat  limited 

one.     It  included  the  technical  degrees  of  all  the  Universities  in 

the  Kingdom ;   it  included   certain  other  diplomas  which  were  of 

the  same  nature  as  University  degrees ;  but  still  it  was  a  somewhat 

limited  list.     It  would  no  doubt  be  for  the  Council  in  the  future 

to    consider   whether   there   were   any  other   examinations  which 
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could  be  taken  as  equivalents  to  them.  They  would  begin  with 
that  list,  which  he  had  no  doubt  would  in  time  be  expanded,  but 
the  extension  of  the  list  would  only  be  made  after  an  examination 
of  the  conditions  under  which  diplomas  or  certificates  were  given, 
and  after  a  determination  had  been  made  that  those  certificates 
and  diplomas  were  the  equivalent  of  the  examinations  which  were 
accepted  as  exempting  examinations.  He  merely  pointed  out  that 
the  list  as  printed  at  present  was  not  to  be  taken  as  a  final  list,  but 
only  as  a  list  including  all,  as  far  as  the  Council  knew,  of  those 
examinations  which  fulfilled  the  complete  conditions  of  entrance 
on  technical  study  after  a  proper  matriculation  examination  and 
a  three  years'  course  of  study.  He  was  asked  to  mention,  in 
conclusion,  that  the  list  in  the  Report  as  it  had  been  circulated 
to  the  members  w^as  imperfect  in  some  repects.  A  small  pamphlet 
would  be  circulated  shortly  which  contained  the  Rules  of  the 
Graduateship  and  Associate  Membership  Examinations,  and  in  that 
pamphlet  the  list  of  the  exempting  examinations  was  given  more 
fully  than  in  the  Report.  He  had  very  much  pleasure  in  seconding 
the  Resolution. 

The  President  said  that,  before  putting  the  Resolution,  he 
would  be  glad  to  hear  any  remarks  that  any  member  might  feel 
himself  called  upon  to  make  on  the  subject. 

As  no  member  desired  to  make  any  remarks,  he  would  put  the 
Resolution :  "  That  the  By-laws  as  amended  be  adopted  as  the 
By-laws  of  the  Institution,  in  place  of  those  revised  in  February 
1907." 

The  Resolution  was  then  put  and  carried  unanimously. 

The  President  congratulated  the  members  on  carrying  the 
Resolution  unanimously. 
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The  President  announced  that  the  Willans  Premium  had  been 
awarded  to  Professor  Bertram  Hopkinson,  F.R.S.,  Member,  for  his 
Papers  on  "  The  Indicated  Power  and  Mechanical  Efficiency  of  the 
Gas-Engine  "  and  "  The  Effect  of  Mixture  Strength  and  Scavenging 
upon  Thermal  Efficiency."  Unfortunately  Professor  Hopkinson 
was  unable  to  attend,  and  the  award  would  be  forwarded  to  him. 
The  Water  Arbitration  Prize  had  been  awarded,  as  he  had  already 
announced,  to  Mr.  L.  Zodel,  w^ho  has  since  died.  The  second 
Award  from  the  Bryan  Donkin  Fund  had  been  made  to 
Mr.  William  Mason,  Associate  Member,  in  aid  of  his  research 
upon  "  The  Resistance  of  Mild  Steel  to  Repeated  Applications  of 
Cycles  of  Alternate  Bending  and  Torsion." 

Prizes  had  also  been  awarded  by  the  Council  to  Mr.  J.  II. 
Dalkin  and  Mr.  R.  D.  McGroarty  for  the  best  Papers  in  the 
Graduates'  Section.  Mr.  Dalkin  was  in  British  Columbia,  and  his 
prize  would  be  forwarded  to  him.  He  had  great  pleasure  in 
personally  presenting  Mr.  McGroarty  with  his  prize. 


The  President  reported  that  the  Ballot  Lists  for  the  election 
of  Officers  for  the  present  year  had  been  opened  by  a  Committee 
of  the  Council,  and '  that  the  following  were  found  to  be  duly 
elected  : — 

President. 
Sir  H.  Frederick  Donaldson,  K.C.B.,    .  .     Woolwich. 

Yice-Presidents. 
Sir  J.  Wolfe  Barry,  K.C.B.,  LL.D.,  F.R.S.,  .     London. 
Henry  Dayey,     ......     Ewell. 


Members  of  Council. 
H.  S.  Hele-Shaw,  LL.D.,  D.Sc,  F.R.S., 
Alfred  Herbert, 
j.  rossiter  hoyle, 
Robert  Matthews, 
Donald  B.  M  orison,    . 
Sir  Gerard  A.  Muntz,  Bart., 


London. 

Coventry. 

Sheffield. 

Manchester. 

Hartlepool. 

Birmingham. 
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The  Council  for  the  present  year  is  therefore  as  follows 


President. 
Sir  H.  Frederick  Donaldson,  K.C.B.,    . 


Woolwich. 


Past-Presidents. 

John  A.  F.  Aspinall,  .....  Manchester. 

Edward  B.  Ellington,  ....  London. 

Sir  Alexander  B.  W.  Kennedy,  LL.D.,  F.R.S.,  London. 

William  H.  Maw,  LL.D.,     ....  London. 

E.  Windsor  Kichards,  ....  Caerleon. 

Percy  G.  B.  Westmacott,     ....  Ascot. 
Sir  William  H.  White,  K.C.B.,  LL.D.,  D.Sc, 

F.R.S., London. 

J.  Hartley  Wicksteed,        ....  Leeds. 

Vice-Presidents. 

Sir  J.  Wolfe  Barry,  K.C.B.,  LL.D.,  F.R.S.,  .  London. 

Henry  Davey,     ......  Ewell. 

Michael  Longridge,    .....  Manchester. 

The  Right  Hon.  Lord  Merthyr,  G.C.Y.O.,      .  Aberdare. 

A.  T.  Tannett- Walker,        ....  Leeds. 

Professor  W.  Cawthorne  Unwin,  LL.D.,  F.ll.S.,  London. 


Members  of  Council. 

William  H.  Allen,     ..... 

Professor  Archibald  Barr,  D.Sc, 

George  J.  Churchward,       .... 

DuGALD  Clerk,  D.Sc,  F.R.S., 

Sir  Robert  A.  Hadfield,  D.Sc,  D.Met.,  F.R.S., 

H.  S.  Hele-Shaw,  LL.D.,  D.Sc,  F.R.S., 

Alfred  Herbert, 


Edward  JIopkinson,  D 
J.  RossiTEii  Hoyle, 
George  Hughes, 
Henry  A.  Ivatt, 
Robert  Matthews, 


Sc 


Bedford. 

Glasgow. 

Swindon. 

London. 

Sheffield. 

London. 

Coventry. 

Manchester. 

Shofliekl. 

Horwich. 

Hayward's  Heath 

Manchester. 
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DoxALD  B.  MoRisoN, Hartlepool. 

Sir  Gerard  A.  Muntz,  Bart.,  .  .  .  Birmingham. 

Engineer  Yice-Admiral  Sir  Henry  J.  Oram, 

K.C.B.,  F.R.S., London. 

The  Right  Hon.  Lord  Pirrie,  K.P.,  P.O.,  LL.D.,  Belfast. 

Walter  Pitt,      ......  Bath. 

Mark  H.  Robinson,      .....  London. 

Captain  H.  Riall  Sankey,  R.E.  ret.,       .  .  London. 

Wilson  Worsdell,       .....  Ascot. 

(One  Vacancy  to  he  filled  up  in  March.) 


The  President  said  it  now  became  his  duty  to  vacate  the  Chair 
which  he  had  occupied  for  the  last  two  years,  and  to  ask  his  friend, 
Sir  Frederick  Donaldson,  who  had  been  elected  President,  to  take 
it.  In  doing  so,  he  could  only  say  how  very  glad  he  was  that 
Sir  Frederick  had  been  elected  to  succeed  him. 

The  Chair  was  then  vacated  by  Mr.  Ellington,  and  taken  by 
Sir  Frederick  Donaldson,  amid  hearty  cheering. 

The  President  (Sir  Frederick  Donaldson)  said  he  was  extremely 
conscious  of  the  honour  which  had  been  done  him,  and  of  the 
pleasure  which  Mr.  Ellington's  words  in  welcoming  him  to  the 
Chair  had  afforded  him.  To  follow  Mr.  Ellington,  with  his  keen 
business  ability  and  his  unflagging  attention  to  the  interests  and 
concerns  of  the  Institution,  added  very  much  to  the  qualms  which 
he  had  in  assuming  the  office,  but  he  would  attempt  to  emulate 
his  predecessor  in  his  desires  for  the  good  of  the  Institution.  He 
could  say  a  great  deal  more  about  Mr.  Ellington,  but  he  would 
content  himself  with  asking  Dr.  Maw,  as  the  senior  Past-President, 
to  move  a  vote  of  thanks  to  him. 

Dr.  William  H.  Maw  (Past-President)  said  that,  as  the  senior 
Past-President  present  at  the    Meeting,  it   was   his   privilege,   of 
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which  he  very  gladly  availed  himself,  to  ask  the  members  to  pass 
a  most  cordial  vote  of  thanks  to  Mr.  Ellington  for  his  conduct  in 
the  Chair  during  the  past  two  years.  The  last  few  years  had 
been  for  several  reasons  rather  trying  times  for  the  Institution. 
They  had  made  very  heavy  demands  upon  the  time  and  energy  of 
the  President,  but  all  those  demands  had  been  met  by  Mr.  Ellington 
in  the  ihost  thorough  and  conscientious  way.  In  the  first  place, 
as  the  members  all  knew,  very  large  additions  were  being  made 
to  the  Institution  house.  They  also  knew  that  those  additions 
started  some  time  ago  by  the  purchase  of  premises  in  Princes 
Street,  but  before  any  use  was  made  of  the  land  thus  acquired 
the  scheme  grew,  Storey's  Gate  Tavern  was  purchased,  and  a 
very  much  larger  addition  to  the  Institution  was  embarked  upon 
than  was  originally  contemplated.  As  the  Chairman  of  the 
Finance  Committee  prior  to  his  acceptance  of  the  Presidency,  a 
great  deal  of  the  preliminary  work  fell  upon  Mr.  Ellington,  and 
since  he  had  been  the  President  he  had  worked  in  a  most 
energetic  way,  and  devoted  a  vast  amount  of  time  to  perfecting 
the  arrangements  for  the  additions  which  were  being  made.  He 
thought  that  only  those  who  had  been  associated  with  Mr.  Ellington 
in  his  work  could  fully  appreciate  how  much  the  members  were 
indebted  to  him  for  the  thoroughness  with  which  he  had  gone  into 
every  detail  in  connection  with  the  scheme.  Again,  as  had  been 
fully  explained  that  evening,  the  Institution  had  embarked  on  a 
system  of  examination  for  the  Graduates  and  Associate  Members. 
That  scheme  was  foreshadowed  in  Mr.  Ellington's  Presidential 
Address,  and  to  the  perfecting  of  that  scheme  he  had,  as  in  the 
case  of  the  building,  devoted  an  enormous  amount  of  time,  and 
the  duties  made  very  heavy  demands  upon  him.  He  felt  sure, 
however,  that,  in  looking  back  over  the  past  two  years,  Mr. 
Ellington  must  feel  compensated  for  the  trouble  he  had  taken 
by  the  way  in  which  the  Institution  had  progressed  during  his 
years  of  ofEce.  The  Institution  liad  certainly  gone  on  improving 
in  very  many  ways.  As  Mr.  Ellington  had  already  pointed  out, 
there  had  been  a  most  material  increase  in  the  membership.  The 
curve  on  the  wall  representing  the  membership  for  many  years 
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past  had  shown  a  very  decided  upward  trend  during  Mr.  Ellington's 
two  years  of  office.  In  addition  to  the  two  major  subjects  which 
he  had  mentioned,  two  very  successful  Summer  Meetings  were 
held  under  Mr.  Ellington's  Presidency,  the  first  being  held  in 
Switzerland.  He  wished  the  members  to  bear  in  mind  that  a 
meeting  held  abroad  was  a  very  different  thing  from  a  meeting 
held  in  this  country.  It  involved  a  great  deal  more  responsibility ; 
the  arrangements  were  much  more  difficult  to  make,  and  the 
completion  of  them  made  very  heavy  demands  on  all  concerned, 
but  on  none  perhaps  so  much  as  on  the  President.  How  successful 
the  Zurich  Meeting  was,  was  thoroughly  well  known  to  every  one 
who  took  part  in  it ;  and  the  manner  in  which  the  members  were 
received  in  Switzerland,  and  the  excellent  arrangements  made  for 
the  Meetings  and  the  Visits  were  very  largely  indeed  due  to  the 
care  with  which  Mr.  Ellington  superintended  every  detail.  Last 
year  a  very  successful  Meeting  was  held  in  Belfast,  and  it  was  a 
success  in  spite  of  the  fact  that  the  weather  was,  to  say  the  least 
of  it,  unfavourable.  Altogether,  he  was  sure  the  members  felt  they 
were  very  greatly  indebted  to  Mr.  Ellington  for  all  he  had  done  for 
the  Institution,  and  he  therefore  begged  formally  to  propose  a 
hearty  vote  of  thanks  to  him  for  the  manner  in  which  he  had 
carried  out  his  duties  during  the  past  two  years. 

Mr.  John  A.  F.  Aspinall  (Past-President)  said  it  afforded  him 
very  great  pleasure  to  second  the  Resolution  which  Dr.  Maw  had  so 
ably  moved.  With  regard  to  the  new  building,  to  which  reference 
had  been  made,  he  had  hoped  that  it  would  have  been  a  completed 
monument  to  record  the  work  done  by  Mr.  Ellington ;  but  if  that 
was  not  the  case,  he  assured  their  Past-President  that  he  had  built 
up  in  the  hearts  of  his  colleagues  a  lasting  record  on  account  of 
his  business  ability,  his  assiduous  attention  to  the  affairs  of  the 
Institution,  and  his  courtesy  and  kindness  to  everybody  who  had 
come  in  contact  with  him.  He  was  certain  that  the  general  body 
of  the  members  desired  to  express  their  greatest  appreciation  of 
Mr.  Ellington's  whole-hearted  attention  to  the  affairs  of  the 
Institution. 

The  Resolution  was  then  put  and  carried  with  acclamation. 
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Mr.    Edward    B.    Ellington    (Past-President)    said    that    to 
thank   Dr.  Maw,  Mr.  Aspinall,  the    President,  and  the  members 
for   the   very   kind   way  in  which   the  vote  of   thanks  had  been 
proposed,  seconded,  and  received  was  the  most  difficult  task  he  had 
had  to  perform  during  his  years  of  office.     He  esteemed  very  much 
the  kindness  which  had  prompted  the  remarks  that  had  been  made, 
and  the  members'  appreciation  of  them.      It  would  be  affectation 
for  him  to  say  that  he  had  not  worked  hard  for  the  Institution,  but 
that  work  had  been  a  great  pleasure,  although  sometimes  it  had 
been   somewhat   onerous  upon  his   powers  and   time.      It   was   a 
source  of  very  great  satisfaction  to  him  to  know  that  during  his 
two  years  of  office  the  Institution  had  obviously  progressed.     That 
was  not  owing,  however,  to  his  own  efforts  but  to  the  circumstances 
of  the  Institution,  and  to  the  support  which  he  had  received  from 
his  colleagues  and  from  the  staff  of  the  Institution.     No  one  could 
stand  alone  in  anything  he  did.    Every  Institution  was  an  organism, 
and,  to  be  a  healthy  and  progressive  organism,  the  parts  that  went 
to  make  it  up  must  be  healthy,  active,  and  prosperous.     Therefore, 
although  it  was  a  great  satisfaction  to  him  that  the  members  had 
intimated  that  he  deserved  well  at  their  hands,  the  most  that  he 
felt  he  deserved  was  the  recognition  that  at  any  rate  he  had  not  let 
the    Institution   down.      He  would  not   say  any  more,  except   to 
express  how  glad  he  was  that  the   Chair  would  now  be  occupied 
by  such  a  distinguished  gentleman,  who  was  such  a  friend  of  all 
who  came  in  contact  with  him,  and  by  a  man  who  was  far  more 
able  than  he  was  himself  to  carry  on  the  work  of  the  Institution 
to  greater  prosperity.     He  wished   to  refer,  in  conclusion,  to  the 
work  of  Mr.  Worthington  and  his  staff,  by  whom  practically  the 
whole  of  the  general  work  of  the  Institution  and  the  arrangements 
for  the  Summer  Meetings  wore  carried  on.     Certainly,  during  the 
last  twelve  months  that  work  had  been  performed  under  the  greatest 
difficulties,  and  only  by  dint  of  great  exertions  in  the  restricted 
space  which  the  officers  had  been  compelled  to  occupy ;    and  he 
trusted  that  in  the  coming  year  Mr.  Worthington  and    his    staft 
would  find  themselves  in  more  comfortable  quarters. 
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Mr.  E.  G.  CoNSTANTiNE,  in  moving  "  That  Mr.  Robert  A.  McLean, 
F.C.A.,  1  Queen  Victoria  Street,  London,  be  appointed  to  audit 
the  accounts  of  the  Institution  for  the  present  year  at  the  same 
remuneration  as  last  year,  namely,  Fifty  Guineas,"  said  that  it 
was  unnecessary  for  him  to  refer  to  Mr.  McLean's  quaUfications 
for  the  position  he  occupied.  He  had  audited  the  accounts  of  the 
Institution  for  a  number  of  years  past  with  the  utmost  satisfaction, 
and  he  heartily  commended  the  Resolution  to  the  acceptance  of  the 
members. 

Mr.  Sidney  Sharp,  in  seconding  the  Resolution,  said  it  gave 
him  great  pleasure  to  second  the  Resolution,  as  Mr.  McLean 
possessed  the  confidence  of  all  the  members. 

The  Resolution  was  then  put  and  carried  unanimously. 


The  following  Paper  was  then  read  and  discussed : — 
"  Modern  Condensing  Systems " ;   by  A.  E.  Leigh   Scanes,  M.  A., 
of  Manchester. 


The  Meeting  terminated  at  Ten  o'clock.     The  attendance  was 
167  Members  and  61  Visitors. 


Fkb.  191.'3. 
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I.  It  is  the  object  of  this  Paper  to  indicate  as  briefly  as  possible 
the  lines  along  which  development  in  condensing  systems  has  taken 
place  during  recent  years  and  will  probably  continue  in  the  future. 
It  will  be  shown  that  the  tendency  is  towards  smaller  and  cheaper 
plants  of  high  vacuum  efficiency  (see  Appendix  I,  page  216),  and 
towards  simplicity  in  auxiliaries  as  exemplified  by  rotary  pumps. 
So  much  has  already  been  written  about  the  ultimate  advantages 
of  condensing  systems  as  opposed  to  the  initially  cheaper  non- 
condensing  types  of  engines  that  nothing  need  be  said  under  this 
head.  The  same  is  true  to  a  lesser  extent  regarding  the  degree  of 
vacuum  it  is  desirable  to  maintain  for  maximum  overall  efficiency. 

In  practice  it  is  necessary  to  investigate  each  particular  case 
with  regard  to  local  conditions,  as  to  the  cost  of  coal  and  the  water 
supply  available  for  cooling.  Generally  speaking,  it  will  be  found 
that  for  reciprocating  engines  vacua  of  from  26  to  27  inches  are 
most  suitable,  and  for  turbines  from  27  to  29  inches.  Here,  and 
in  all  calculations  which  follow,  the  barometer  has  been  assumed  to 
be  30  inches  of  mercury. 

For  high-pressure  steam-turbines  an  approximate  saving  of  5  to 
6  per  cent,  in  steam  consumptions  can  usually  be  effected  between 
27  and  28  inches  vacuum,  and  7*5  to  9*5  per  cent,  between  28  and 
29  inches  and  13  and  15  per  cent,  respectively  for  low-pressure 
turbines.* 

For  low-pressure  turbines  in  connection  with  winding  engines 
and  similar  plants,  care  must  be  taken  that  air  is  not  pumped  into 
the  condenser,  if-  a  very  high  vacuum  is  to  be  maintained.  From 
the  above  gain  there  must  be  deducted  the  increased  capital  outlay, 
running  cost  and  depreciation  of  the  condensing  plant,  over  one  for 
27-inch  vacuum,  which  may  be  taken  as  the  minimum  desirable 
vacuum  under  normal  conditions. 

II.  Types  of  Cowriewser/J.— Condensers  can  bo  divided  into  two 
main  typos  and  five  divisions : — 


♦  K.  Baumann  on  "  IlGcont  Dovolopmcnts  in  Stoam-Turbino  Practice." 
Inst,  of  Electrical  EngincerH,  Doccmbor  I'Jll,  vol.  48,  page  708. 
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1.  Surface,  (a)  Cooling  water  passing  through  tubes,  the  usual 

form, 
(b)  Evaporative  where  steam  is  condensed  in  the 
tubes  by  a  small  quantity  of  water  flowing 
over  their  exterior. 

2.  Jet.  (a)  High  level  or  barometric. 

(b)  Low  level. 

(c)  Ejector. 

The  first  type  is  used  when  water  is  not  available  at  a  reasonable 
cost  for  boiler-feed  purposes. 

III.  Choice  of  a  Plant. — Figs.  1  and  2  (pages  182-3)  show  a  series 
of  curves  from  which  it  is  possible  to  compare  the  relative  advantages 
of  the  difierent  types  of  plant.  In  calculating  these  curves  in  Fig.  1 
allowance  has  been  made  for  the  original  cost  of  condensers,  cooling 
towers  (when  necessary),  and  foundations.  In  Fig.  2  depreciation 
at  12  per  cent,  per  annum  and  running  cost  at  ^d.  per  unit  have 
been  capitalized  at  5  per  cent. 

If  the  depreciation  and  running  cost  were  capitalized  at 
4  per  cent,  the  difference  between  the  curves  for  surface  and  jet 
condensers  would  not  be  as  much,  and  in  any  case  the  greater 
freedom  from  troubles,  smaller  number  of  working  parts,  and 
reduced  attention  for  cleaning,  make  the  jet  plant  the  most 
desirable  when  it  can  possibly  be  used.  These  figures  do  not 
pretend  to  be  more  than  an  approximate  guide,  as  so  many 
conditions  must  be  taken  into  consideration  that  any  hard  and  fast 
rule  is  impossible. 

IV.  (1)  Surface  Condensers. — In  the  earlier  types  of  surface 
condensers  a  very  low  rate  of  heat  transmission  was  usual,  about 
350  B.Th.U.  per  square  foot  of  surface  per  degree  Fahrenheit  mean 
temperature  difference  {see  Appendix  III,  page  217).  The  above 
rate  would  give  condensation  of  5  or  6  lb.  per  square  foot  per  hour 
for  moderate  vacua  and  water  temperature. 

From  the  point  of  view  of  reliability  much  has  been  said  in 
favour  of  large  surfaces,  since  they  were   supposed  to  require  less 
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attention  and  cleaning  to  maintain  a  high  vacuum.  This  may  be 
true  with  moderately  clean  water.  With  some  kinds  of  bad  water, 
however,  marine  practice  has  shown  that  small  surfaces  are  best  for 
reducing  the  formation  of  scale,  owing  to  the  increased  water 
velocity.     Furthermore,  this  increase  of  velocity  through  the  tubes 

^  Fig.  3. 

^  Heat  Transmission  from  Steam  to  Water  in  Surface  Condensers. 
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also  increases  the  rate  of  heat  transmission  from  the  metal  to  the 
cooling  fluid. 

Fig.  3*  shows  experimental  results  obtained  by  various 
authorities,  connecting  the  rate  of  ti'ansmission  and  water  velocities. 
It  will  be  seen  that  considerable  diflerence  of  opinion  exists,  and 
it  is  necessary  to  observe  the  greatest  care  in  details  of  design 
to  obtain  results  corresponding  to  even  a  mean  of  the  curves  shown. 


*  Taken  from  The  Engineering  lieview^  1911,  vol.  24,  No.  140. 
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A  common  cause  of  failure  is  throttling  of  the  flow  of  steam 
among  the  tubes,  a  large  drop  of  vacuum  resulting  between  the 
steam  inlet  and  the  air-pump  suction.  Many  methods  have  been 
tried  to  overcome  this  by  keeping  a  constant  steam  velocity,  such 
as  spacing  the  tubes  farther  apart  near  the  steam  inlet,  making 
the  condenser-shell  heart-shaped  to  offer  a  large  surface  at  the 
top,  gradually  decreasing  to  the  air  outlet,  and  running  passages 
among  the  tubes.  The  first  and  last  have  been  adopted  by  the 
British  Westinghouse  Electric  and  Manufacturing  Co.,  with  great 
success,  and  in  their  opinion  these  offer  the  best  all-round  results 
when  combined  with  a  cylindrical  shell  which  offers  many 
advantages  in  manufacture  and  is  mechanically  strong. 


TABLE   1. — Burnley  Corporation. 

Extract  of  official  test  on  20  ;per  cent,  overload. 

1,600-lcw.  Turbine,  2,100  r.p.m.,  3,100  sq.ft.  condenser. 

Power  of  auxiliaries,  28*5  h.Ji.jj. 


Net 

Time. 

Throttle 
Press. 

Throttle 
Temp. 

Inlet 
Press. 

Temp. 

before 

Throttle. 

Vac. 

In.  Hg. 

Bar.  30  in. 

Inlet 
Water 
Temp. 

Hot- 
well 
Temp. 

Weight 

of 
Steam 
con- 
densed. 

a.m. 

Lb.  per 

«o  J1^ 

Lb.  per 

O  J1^ 

O   J1^ 

o  p^ 

Lb. 
per  hr. 

sq.  in. 

sq.  in. 

1.30 

127 

456 

99 

470 

\ 

29,500 

1.35 

126 

460 

100 

475 

29,200 

1.40 

126 

460 

100 

475 

29,000 

1.45 

126 

459 

100 

475 

29,000 

1.50 

124 

460 

100 

475 

1    28-9 

41 

68 

29,800 

1.55 

124 

466 

100 

480 

mean 

29,300 

2.  0 

124 

472 

101 

485 

29,250 

2.  5 

123 

481 

102 

495 

29,200 

2.10 

123 

489 

106 

500 

28,550 

2.15 

123 

490 

107 

500 

/ 

28,250 

Average  steam  condensed,  29,105  lb.  per  hour.  Pounds  condensed  per 
sq.  ft.  of  surface  =  9-4.  Hot-well  of  68°  F.  corresponds  to  a  vacuum  of 
29-32  in.  mercury.  Therefore,  28*9  in.  =  98*56  per  cent,  vacuum  efSciency, 
that  is  98 '56  per  cent,  of  29*32  in.  mercury. 
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Fig.  4  is  an  illustration  of  this  type.  It  will  be  seen  that  the 
path  of  the  steam  follows  an  easy  curve,  it  being  advisable  to  avoid 
baffle-plates  and  sudden  changes  of  direction  as  much  as  possible. 
Note  should  be  taken  of  the  generous  size  of  the  steam-dome  at  the 
top  of  the  condenser,  obviating  air-pockets  and  distributing  the 
steam  easily  without  the  need  of  directing  plates. 

Small,  but  important,  points  in  manufacture  are : — 

1.  Ferrules  which  do  not  allow  "  creeping  "  of  the  tubes. 

2.  Avoidance  of  "  expanded  "  tubes. 

3.  Ample  thickness  of  the  tube-plates. 

4.  Staying  of  the  tube-plates. 

5.  External  joints  between  tube-plates,  condenser  body  and 

water-boxes. 

This  last  point  is  very  important,  as  any  leakage  in  the  junction 
between  the  water-box  and  tube-plate  will  be  to  atmosphere  and 
not  into  the  vacuum  space,  and  is,  therefore,  immediately  detected. 
With  the  condenser  as  shown  in  Fig.  4  (page  186)  having  a  water 
velocity  of  over  5  feet  per  second,  effective  condensation  can  be 
obtained  commercially  for  land  practice  at  the  rate  of  8  to  15  lb.  per 
square  foot,  depending  on  the  degree  of  vacuum  required.  The  official 
test  at  Burnley  Corporation  electric  light  station,  shown  in  Table  1, 
is  an  example  of  a  plant  of  this  type.  It  will  be  seen  here  that  with 
a  vacuum  of  28*9  inches  condensation  was  obtained  at  9 '  4  lb.  per 
square  foot.  A  few  years  ago  this  would  have  been  considered  very 
unwise,  if  not  impracticable.  In  this  case  the  water  flows  at  about 
7  feet  per  second,  passing  four  times  through  the  condenser. 

Table  2  (page  188)  gives  results  obtained  at  the  official  test  of  a 
condenser  for  the  East  Indian  Railway  Co.  This  condenser  was 
designed  for  45,800  lb.  of  steam  per  hour,  26  inches  vacuum,  2,800 
gallons  per  minute  of  circulating  water  at  85°  F.,  transmission  435 
B.Th.TJ.  per  square  foot  per  degree  mean  temperature  diff'erence.  The 
readings  give  a  mean  transmission  of  639  B.Th.U.  The  vacuum 
efficiency  in  readings  3  to  6  fell  off",  as  by  an  oversight  the  condensed 
steam  was  allowed  to  rise  a  few  inches  in  the  condenser,  by  over- 
throttling  the  extraction  pump  discharge  which  was  controlled  by  a 
sluice- valve  to  give  the  guaranteed  head.  The  effect  of  this  was  similar 
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TABLE    2. 

The  East  Indian  Railway  Co. 

Extract  from  official  test  on  the  Surface  Condenser 


Read- 
ing. 

V. 

Ti. 

To. 

T3. 

T,. 

T5. 

5. 

S. 

k. 

V' 

1 

27-52 

69-5 

100-5 

109 

102 

85-5 

20-2 

48,600 

584 

98-5 

2 

27-17 

76 

105-7 

113-5 

109 

98 

18-9 

46,400 

597 

98-7 

3 

26-66 

79-8 

112-6 

119 

110-5 

107 

18-1 

48,200 

650 

97-5 

4 

26-18 

84-5 

116-5 

123-5 

108 

115-5 

18-65 

48,500 

632 

95-5 

5 

25-64 

88-1 

121-9 

128-5 

108 

124 

18-65 

51,200 

666 

93-7 

6 

25-2 

93 

125-5 

132-5 

110-5 

129-3 

18-78 

48,500 

625 

92 

7 

24-5 

100-4 

129-7 

137 

132 

135-3 

18-15 

53,600 

720 

97 

V  =  Vacuum,  inches  of  mercury  (Bar.  30  in.). 
Tj  =  Inlet  cooling  water  temperature,  °  F. 
T2  =  Outlet  cooling  water  temperature,  °  F. 
T3  =  Theoretical  temperature  of  steam  at  inlet  to  condenser,  °  P. 
T4  =  Condensed  steam  temperature,  °  F. 
T5  =  Air-pump  suction  temperature,  °  F. 

5    =  Mean  temperature  difierence  {T3  =  T^,  sec  Appendix  III,  page  217). 
k   =  Transmission  in  B.Th.U.  per  square  foot  per  °  F.,  mean  temperature 

difference. 
7j   =  Vacuum  efficiency  per  cent. 

to  a  weir  in  the  bottom  of  the  condenser.  It  will  be  Been  in 
reading  No.  7  the  efficiency  was  rising  again. 

Fig.  5  sliows  an  older  type  etill  largely  made  by  British 
manufacturers. 

By  far  the  most  important  factor  that  has  to  be  considered  in 
the  rate  of  transmission  of  lieat  from  the  steam  to  the  cooling 
water  is  unfortunately  one  which  has  often  been  much  neglected, 
namcily,  th(i  absolute  partial  pressure  of  air  in  the  condenser. 
Many  p(!Of)le  not  intimately  concerned  witli  the  problem  of 
condensation  think  that  the  only  reason  for  lowering  the  partial 


i 

I 


Feb.  1913. 


MODERN    CONDENSING    SYSTEMS. 


189 


air-pressure  in  condensers  is  to  reduce  thereby  the  total  pressure 
(see  Appendix  II,  page  217).  A  most  important  point,  however, 
is  that  the  air,  being  admittedly  a  bad  conductor  of  heat,  should  be 

Fig.  5. — Diagram  of  an  older  type  of  Surface  Condenser. 

A, — steam  inlet.  D. — Cooling  water  inlet. 

B. — Condense  outlet  over  weir.  E. — Cooling  water  outlet. 

C— Air-pump  suction. 


y 


eliminated  as  far  as  possible  for  this  reason  also.  If  this  is  not 
done,  a  certain  proportion  of  the  surface  near  to  the  air-pump 
suction  becomes  "  air-logged,"  and  little  condensation  takes  place 
at  that  point,  the  surface  being  wasted.      It   must,  however,  be 
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remembered  that  the  distribution  of  air  throughout  the  condenser 
is  not  equal,  which  aftects  the  results  of  experimenters  with 
small  apparatus  who  have  given  many  admirable  Papers  on 
this  subject.  It  is  obvious,  in  any  case,  that  an  air-pump  is 
necessary  that  will  deal  efficiently  with  air  at  a  very  low  absolute 
pressure.* 

The  next  point  of  importance  is  Vacuum  Efficiency  (see 
Appendix  I,  page  216).  It  is  obvious  that  the  hotter  the  condensed 
steam  is  when  returning  as  feed-water,  the  higher  will  be  the 
overall  thermal  efficiency  of  the  plant.  This  point  is  dealt  with 
more  fully  under  the  heading  "  Auxiliaries."  With  a  good  system 
of  departmental  drainage  a  vacuum  efficiency  of  100  per  cent,  can 
be  obtained ;  indeed.  Professor  Weighton,  in  his  experiments  at 
Armstrong  College,  Newcastle-on-Tyne,  claims  to  have  exceeded 
even  100  per  cent.,  probably  owing  to  the  vacuum  being  measured 
at  a  point  remote  from  the  condensed  steam.  The  author  is,  however, 
of  the  opinion  that  if  serious  loss  of  vacuum  is  to  be  avoided  in 
the  condenser  between  the  exhaust  inlet  and  the  air-pump  suction, 
as  straight  a  flow  of  steam  as  possible  is  desirable,  and  that 
departmental  drainage,  which  involves  baffle-plates,  is  not  to  be 
recommended,  except  to  a  very  limited  extent.  Referring  again  to 
the  Burnley  tests,  it  will  be  seen  that  a  vacuum  efficiency  of  98*6 
per  cent,  was  obtained,  without  any  special  arrangement  of  steam- 
baffles.  This  is  due  to  the  Leblanc  air-pump,  which  will  be  described 
later. 

A  condenser  designed  for  moderately  high  transmission  has 
usually  three  or  four  water-passes,  to  obtain  the  necessary  velocity 
witliout  undue  length  of  tubes  between  plates.  This  means  it  is 
possible  to  obtain  fairly  short  tubes  which  are  easily  cleaned,  and 
this  is  a  great  advantage.  The  cost  of  renewals  is  also  lower  as 
the  num})er  of  tubes  to  be  replaced  will  be  approximately  the  same. 


♦  For  one  of  tlu;  l)cst  Papers  on  "  Ilcat  Transmission,"  sec  Orrok, 
Proceedings,  Am.  Soc,  of  Moch.  Enginocrs,  Nov.  1910.  Sec  also  "Hoat 
Transmission,"  by  Professor  W.  E.  Dalby,  I'rococdings,  I.Mcch.E.,  1909, 
page  921. 
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whilst  their  length  is  shorter ;  moreover,  there  is  greater  freedom 
from  troubles  due  to  "  sagging  "  and  vibration. 

It  will  now  be  seen  that  the  performance  of  a  surface  condenser 
for  any  given  set  of  conditions  does  not  necessarily  depend  on  the 
number  of  square  feet  of  surface  it  contains,  but  that  design  and 
efficiency  of  air-pump  play  a  most  important  part. 


Fig.  6. 

Diagram  of  a  Reciprocating  Air-Pump  Cylinder  with 
Automatic  Discharge-  and  Belief -Valves. 
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(2)  Auxiliaries. — (a)  Air-Pumps. — It  has  already  been  shown 
that  a  high  efficiency  is  impossible  without  a  first-grade  evacuator. 
The  Hon.  Sir  Charles  Parsons  was  the  first  to  take  a  practical  step 
towards  solving  the  problem,  when  he  introduced  his  vacuum 
augmenter.  It  is  not  intended  to  describe  this  well-known 
invention,  but  note  should  be  taken  that  it  absorbs  from  1  to  1  •  5 
per  cent,  of  the  main  steam  consumption  of  the  turbine  at  full 
load,  and,  in  calculating  the  relative  overall  efficiency  of  different 
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types  of  pumps,  this  fact  should  be  taken  into  consideration ;  *  also 
there  is  the  additional  cost  of  the  auxiliary  condenser. 

Excellent  results  can  be  obtained  by  use  of  a  dry  piston-pump 
working  with  an  equalizing  valve.  The  use  of  such  valves  was  a 
great  advance  on  previous  practice ;  but  as  the  efficiency  of  the 
pump  depends  on  very  fine  clearances,  any  wear  on  the  pistons 
and  valves  rapidly  decreases  the  volumetric  efficiency,  which  some 
makers  claim  to  be  as  high  as  98  per  cent.  Fig.  6  is  a  common 
type  of  dry  air-pump.  It  will  be  observed  that,  in  addition  to  the 
slide-valve,  there  are  at  least  two  automatic  discharge-valves  and 
two  relief -valves.  Great  care  must  be  taken  with  the  dry  piston- 
pumps  to  eliminate  moisture  as  far  as  possible  from  the  cylinders ; 
the  percentage  carried  over  with  the  air  should  not  exceed  0*15  to 
0*3  per  cent,  if  trouble  is  to  be  avoided. 

Good  results  are  also  obtained  with  multiple  cylinder  wet  air- 
pumps  ;  one  or  more  cylinders,  being  flooded  with  cold  water  to 
reduce  the  vapour  tension,  are  used  as  an  air-pump,  and  the  other 
removes  the  dondensed  steam  at  a  higher  temperature.  This  type 
also  suffers,  although  to  a  less  extent,  from  the  disadvantages  of 
valves  which  require  constant  attention  and  renewal. 

(b)  Hotary  Air-Pumps. — With  the  object  of  obtaining  greater 
simplicity,  while  retaining  all  the  advantages  of  reciprocating 
pumps  and  augmenters,  various  rotary  and  water  ejector-pumps 
have  been  developed  during  the  last  ten  years,  nearly  all  of  them 
an  evolution  of  the  Korting  ejector  condenser,  which  was  one  of 
the  earliest  forms.  The  Leblanc  pump  was  the  first  working  rotary 
pump,  and  all  later  types  follow  the  same  general  principles,  except 
the  Kolb  rotary  condenser,  which  never  gave  satisfaction  in  practice. 
Then  came  a  rotary  pump  in  which  water  was  discharged  at  a  high 
velocity  througli  a  number  of  rotary  converging  nozzles.  Such  a 
pump  is  illustrated  diagrammatically  in  Fig.  7. 


♦  Tarsons  and  Stonoy  on  the  Stoam-Turbino :  Proccodings,  lust,  of  Civil 
Engineers,  1905,  vol.  cLxiii,  pago  1G7. 
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Pressure  is  generated  by  centrifugal  force  in  the  central 
chamber  A,  which  is  rotated  at  a  high  speed.  This  pressure  is 
converted  into  velocity  through  the  converging  nozzles  BB,  which 
are  usually  arranged  in  pairs,  the  action  being  similar  to  that  of  an 
old-fashioned  gas-burner,  the  resulting  water-spray  taking  a  fan 
formation.  These  fan-shaped  jets  entrain  air  which  is  drawn  in 
through  the  slots  CC.  The  mixture  is  discharged  through  a  series 
of  suitably  arranged  guide-blades  into  the  diffuser  D,  as  shown  in 
the  illustration. 

Fig.  8. 
Water  Ejector 
Fig.  7.  Type  of  Air- 

Pump. 
Diagram  of  Rotary  Spray  Air-Pump.  1.  Water  inlet  under 

pressure. 

2.  Air  suction. 

3.  Combined 

discharse. 


Fig.  9  (page  194)  shows  the  results  of  a  test  on  a  pump  of  this 
type  of  a  very  large  capacity,  suitable  for  100,000  lb.  of  steam  per 
hour  with  a  vacuum  of  27*4  inches.  It  will  be  observed  that  the 
b.h.p.  is  practically  constant  for  all  loads.  This  is  claimed  to  be 
an  advantage,  but  in  the  author's  opinion  it  is  the  reverse,  the 
efficiency  being  necessarily  bad  at  light  loads.  A  pump  of  this 
type,  however,  only  removes  a  small  weight  of  air  per  b.h.p.  under 
normal  working  conditions.  It  is  obvious  that  this  design  can  never 
be  efficient  owing  to  the  loss  of  kinetic  energy  in  the  spraying  nozzles. 
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A  simple  type  of  pump  is  shown  in  Fig.  8  (page  193).  The 
water- jet  or  jets  remove  the  air  by  ejector  action.  Here  again  the 
expanded  volume  entrained  is  very  small,  often  less  than  twice  the 
volume  of  water.  Still  another  recent  development  consists  of  a 
combination  of  a  steam  augmenter  and  water-jet.     The  author  is 

Fig.  9. — Test  on  Rotary  Air-Pump  of  similar  design  to  Fig.  7. 
See  "  The  Engineer,"  2  Dec.  1910. 
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unjible  to  give  figures  of  the  working  of  this  plant  as  there  are  not 
many  in  operation,  and  no  results  had  been  published  that  the 
author  was  aware  of  when  this  Paper  was  written,  but  it  would  be 
intenjstirig  to  know  the  mnkers'  guarantees  on  weight  of  air  dealt 
with  for  a  given  power,  including  the  necessary  steam  reckoned  at 
10  lb.  per  b.h.p. 
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(c)  Latest  Developments  in  Botary  Pumps. — Finally  we  come  to 
the  Westinghouse-Leblanc  dry  air-pump.  This  pump  has  undergone 
many  improvements  since  it  was  originally  brought  out  by  Professor 
Leblanc,  and  its  original  faults  have  been  found  out  by  constant 
experiments  and  world-wide  experience,  and  eliminated.  The  changes 
consist  mainly  in  alteration  to  the  shape  of  the  blades  and  proportion 
of  the  cones,  and  the  points  of  difference  are  so  dependent  on 
knowledge  gained  by  experiments,  and  in  many  cases  so  apparently 
trivial,  that  it  is  outside  the  scope  of  this  Paper  to  describe  them. 

The  latest  designs  of  the  Westinghouse-Leblanc  pumps  will 
remove  much  more  air  per  b.h.p.  under  similar  working  conditions 
than  any  other  rotary  pump.  One  peculiarity  of  this  and  of  similar 
rotary  pumps  is  that  the  expanded  volume  removed  increases  as 
the  absolute  air-pressure  decreases,  the  contrary  being  the  case 
with  reciprocating  pumps.  A  great  advantage  is  that  the  working 
medium  of  the  pump  being  at  a  far  lower  temperature  than  the 
condensed  steam,  the  air  is  cooled  and  considerably  reduced  in 
volume  before  being  removed.  In  comparing  expanded  volumes  in 
various  types  this  fact  must  be  taken  into  account,  which  can 
easily  be  done  by  specifying  the  weight  of  air  instead  of  the 
volume.  A  further  advantage  of  the  Leblanc  pump  is  that,  to  save 
space  and  complication,  it  can  in  many  cases  be  direct  coupled 
with  its  extraction  pump  to  a  circulating  pump  running  at  the 
same  speed  without  the  use  of  gears,  the  whole  set  being  driven 
by  a  motor  or  small  turbine.  Fig.  10  (page  196).  In  the  latter  case, 
as  a  good  steam  consumption  cannot  be  attained  on  so  small 
a  machine,  when  running  condensing  at  a  suitable  speed  and 
with  a  simple  design,  it  is  usual  to  exhaust  above  atmospheric 
pressure,  either  into  a  stage  of  the  main  turbine  or  to  a  feed-water 
heater.  A  high  overall  efficiency  can  be  obtained  in  this  manner. 
Furthermore,  the  Leblanc  pump  in  certain  cases  can  be  used  as  a 
combined  air  and  extraction  pump  without  reducing  its  efficiency. 

Plate  5  shows  one  of  two  sets  of   pumps  working  at  Penalta 
Colliery,  South  Wales. 

Fig.  1 1  (page  197)  is  a  diagrammatic  representation  of  the  method 
of  operation  of  the  air-pump.     The  particulars  are  as  follows : — 

Q  2 
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Fig.  12. — Test  on  Air-Piimp  (Westinghouse-Leblanc). 
Arranged  as  in  Fig.  11. 
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Note. — Test  Points  have  been  added  to  the  Curves  since  the  Discussion 
took  place. 
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The  pump  does  not  take  its  working  fluids  from  a  seal-well 
below  its  axis  as  in  the  older  types,  but  from  the  tank  E  with  its 
water-level  above  C.  The  advantage  of  this  arrangement  is  that 
should  the  vacuum  fall  for  any  reason  the  pump  remains  primed, 
and  on  the  leakage  being  stopped  it  picks  up  again  without 
attention.  Supposing  that  the  casing  is  full  of  water  from  the 
tank  E,  the  motor  or  turbine  is  started  and  the  wheel  revolves  in 
the  direction  of  the  arrow.  The  centrifugal  force  imparted  to  the 
water  forces  it  out  through  the  cone  B  until  the  case  is  empty. 
This  creates  a  vacuum  in  the  casing,  and  more  water  is  drawn  in 
through  the  guide-nozzle  G.  This  water  is  cut  off  in  a  series  of 
thin  sheets,  about  0*2  inch  thick,  which  are  hurled  at  a  velocity 
approaching  130  feet  per  second  through  collecting  cones  into  the 
diffuser  B.  Each  sheet  of  water  carries  with  it  a  layer  of  air,  the 
combined  mixture  being  discharged  back  to  the  tank  E,  where 
the  air  is  separated  from  the  water  by  a  series  of  baffles  between 
the  discharge  and  suction  of  the  pump.  Fig.  12  illustrates  a  test 
under  these  conditions  showing  that  the  pump  is  effectively 
removing  air  even  at  little  above  atmospheric  pressure.  It  is 
interesting  to  note  that  with  decreased  vacuum  the  horse-power 
also  decreases. 

It  has  been  said  against  the  Leblanc  pump  that  it  absorbs  more 
b.h.p.  than  its  reciprocating  rivals.  This  is  undoubtedly  true  under 
normal  conditions  for  both  types  when  the  plant  has  to  maintain 
a  fairly  low  vacuum,  though  under  equal  conditions  of  hot-well 
temperature  it  is  not  the  case.  It  will  be  noticed  that  condenser 
builders  who  use  reciprocating  air-pumps  usually  advocate  a  weir 
in  the  bottom  of  their  condensers  to  submerge  2  to  3  per  cent. 
of  the  tubes,  with  the  object  of  reducing  the  hot- well  temperature 
to  a  point  at  which  the  air-pump  can  operate  on  favourable  brake 
horse-power  terms  with  the  rotary  pump  {see  Fig.  5,  page  189). 
A  moment's  consideration  of  overall  efficiency  wiU  expose  the  false 
economy  of  this. 

With  a  28  •  8-inch  vacuum  we  know  that  the  wet  air-pump  has 
a  vacuum  efficiency  of  about  96  •  5  per  cent.,  and  therefore  requires 
a  hot- well  temperature  about  80°  F.,  which  is  frequently  obtained 
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by  means  of  the  weir,  wliile  the  Leblanc  pump  will  work  with 
94°  F.,  an  advantage  of  14°  F.  over  the  piston-pump.  Now  an 
increase  of  14°  F.  on  the  feed- water  temperature  means  an 
approximate  gain  on  coal  consumption  of 

100  x{lll^o}  =  1-25  per  cent., 


Fig.  13.  Fig.  14. 
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with   steam  at   150  lb.  boiler  pressure.      From  this  gain  must  be 

deducted  the  percentsige  lost  in  extra  power  for  driving  the  pump, 

leaving  a  balance  in  favour  of  the  Leblanc  of  1  per  cent,  on  the 

overall  efficiency.      Tn  addition  there   is   the  decreased  cost  of  a 

smaller   condenser    due    to   the   absence  of   submerged  tubes,  less 

circulating  water   and    simplicity  of    design   and    operation,  there 

being  no  valves  or  reciprocating  parts. 
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Fig.  15. 
Tests  on  various  types  of  Rotary  Pumps. 


too 


do 


so 


TO 


60 


SO 


^    *0 


% 


30 


20 


■^frbtary    multipls  jeti  pump  and  ^att'nghouse-LeiJanc pump  (Curves D-d. ) 
\       '        '  40  'e>.J/.R<ransfonL 


"^Jfeshn^fiouse-Leblonc pump        27'2  3,MJ^con.s/on/'   (Curt/e  C^'~~ 


Free  air  in  cubic  jeet  per  minute 
\  \  15  \  \ 


40  % 


ft 


30    I 


10 


lo 


0) 

I 


20 


40  60  SO  too  120  I40  I60  ISO  200 

f-^ercentage  cf  unit 

£ioromefer  eJunng   test  of  rotor tj  3praif  pump     29'47  J^g- 

Temperature  of  zaoter  used  G4Tah.  corresponding  to  a  water  uapour- 

tenslon  cf  o-e>2>"Jlg.  Theoretical  irocuum     28'84"Jtq. 

Qaromefer-  during    test  of  tlestinghouse-Leb/anc  pump  QQ^/S  Jrg. 

Temperature    of  water  used  68'  fati.  corresponding  to  a  water  vapour 

tension   of  o-e>8"Jlg-      Theoret/'caf  i/acuum    29'l"J/g. 

Curire   ft       Vacuum  obtained  witti    tfestinghouse -LeUanc  pump  al)sarbing  40  £>.AR 
Curire   E>  "  »  »  f7otaru  sprau  "  "       42       ">* 

Curve  C  "  n  n      ffesting/]ouse-Leblanc        "  "       2J-2     " 

Curve     D  »  "      .         "       notarg  multiple  Jets  pump  "        40 


202 


MODERN    CONDENSING    SYSTEMS. 


Feb.  1913. 


Figs.  13  and  14  (page  200)  show  graphically  the  relative  power 
absorbed  by  a  Leblanc  rotary  air-pump,  including  rotary  hot-weU 

Fig.  16. — Diagram  of  Rotary  Jet-Pump. 

Pressure  is  generated  in  the  revolving  chamber  A,  and  a  thin  stream 
of  water  is  projected  across  the  chamber  B,  extraining  air  which  is 
compressed  in  the  passage  D  up  to  atmospheric  pressure. 


pump,  delivering  to  10  feet  external  head,  compared  with  a 
reciprocating  wet  air-pump  of  good  design.  In  Fig.  1.3  full  load 
has  been  taken  at  27  inches  vacuum,  and  in  Fig.  14  at  28  inches 
vacuum.     The  power  has  been  given  in  B.Tli.U.  for  the  sake  of 
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simplicity,  an  overall  efficiency  of  20  per  cent,  being  assumed. 
The  other  curves  give  the  respective  total  absolute  pressures 
in  the  condenser,  the  total  heat  returned  by  the  rotary  pump  in 
the  hot-well  in  excess  of  that  returned  by  the  piston-pump,  the 
net  gain  in  B.Th.U.  and  the  overall  gain  in  coal  consumption, 
assuming  that  live  steam  at  100  per  cent,  efficiency  be  used  to 
raise  the  hot-well  temperature  before  entering  the  economizer, 
in  the  case  of  the  piston-pump. 

In  calculating  the  net  gain  in  B.Th.U.,  allowance  has  been 
made  below  full  load  on  the  condenser  for  the  decreased  steam 
consumption  for  equal  power  outputs  due  to  the  higher  vacuum 
maintained  by  the  Leblanc  pump ;  this  decrease  has  been  taken  as 
5  per  cent,  mean  between  27  and  28  inches  vacuum  and  6  per  cent, 
between  28  and  29  inches  vacuum.  In  Fig.  15  (page  201)  curve  C 
shows  a  test  on  a  Leblanc  pump  superimposed  on  the  test  of  the 
rotary  spray  pump.*  The  pumps  are  of  approximately  the  same 
capacity,  and  it  will  be  seen  that  the  power  taken  by  the  Leblanc 
is  considerably  less  than  the  other,  namely,  42  b.h.p.  This  variation 
in  power  is,  of  course,  obtained  by  regulating  the  quantity  of  water 
passing  through  the  pump  to  suit  the  load.  If  the  controlling 
valve  is  left  set  for  full  load  conditions,  the  power  will,  of  course, 
remain  constant  at  27  b.h.p.  The  other  curves,  D  and  A,  are  for  a 
less  known  (in  this  country)  type  of  rotary  pump.  Fig.  16,  which  needs 
no  detailed  description,  and  for  a  Leblanc  pump  of  approximately 
the  same  brake  horse-power  as  the  rotary  spray  pump. 

Finally,  the  author  would  recommend  that  intending  purchasers 
of  air-pumps  would  do  well  to  insist  on  makers  guaranteeing  the 
weight  of  air  to  be  removed  f  (not  expanded  volume,  which  means 
nothing),  the  total  power  absorbed,  including  steam-jets  at  (say) 
10  lb.  per  b.h.p.  and  the  temperature  of  the  condensed  steam  as 

*  The  Engineer,  2  December  191@,  page  594. 

t  Average  13  lb.  of  air  per  22,000  lb.  of  steam  for  surface  condensers  in 
conjunction  with  turbines,  and  36  lb.  per  hour  for  the  same  steam  from 
engines.  For  jet  condensers,  the  air  in  the  water  must  be  added,  which  may 
vary  from  2-4  to  5  lb.  per  10,000  gallons  of  water.     See  Fig.  25  (page  218). 
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delivered  to  the  pump  from  the  condenser,  not  as  it  leaves  the  hot- 
well  pump,  the  real  efficiency,  of  course,  depending  "  on  how  little  " 
heat  is  extracted  from  the  condensed  steam  and  imparted  to  the 
circulating  water  and  lost  therein. 


(d)  Circulating   Pumps. — It    is   apparently    thought    by    many 
people  that  there  is  little  room  for  choice  under  this  heading,  that 

Fig.  17. — Test  of  Low-Lift  Circulating  Pump  (Westinghouse-Rateau). 
Speed  480  revs,  per  min. 
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it  is  only  necessary  to  fix  the  water  quantity  and  head  required  and 
proceed  to  make  or  order  a  pump.  This,  unfortunately,  is  the  view 
taken  by  lurg(;  numbers  of  customers  wlio  do  not  avail  themselves 
of  expert  advicci.  They  are  apt  to  look  only  at  the  initial  outlay, 
and  overlook  running  (jfficiency  and  relial)iHty.  A  sliort  study  of 
the  design  of  centrifugal  pumps,  however,  will  sliow  tliat  for  any 
given  set  of  conditions  and  design  of  pump,  one  set  of  characteristics 
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will  give  the  best  results.  That  is  to  say,  the  speed  at  which  the 
pump  is  to  work  is  fixed  for  a  maximum  efficiency.  The  first  point 
to  settle  then,  in  the  choice  of  a  pump,  is  the  most  suitable  speed 
having  regard  to  all  conditions  of  service.  The  next  point  is  to 
consider  if  it  is  advisable  to  run  this  pump  from  the  same  motor  or 
engine  which  is  to  drive  the  air-pump.  With  reciprocating  air- 
pumps  this  is  usually  done  with  the  help  of  gearing.  This 
arrangement,  however,  is  not  usually  liked,  as  even  with  the  best 
design  a  certain  amount  of  noise  is  unavoidable,  which  is  most 
noticeable  with  a  turbine  installation.  The  best  alternative  is  a 
rotary  air-pump  which,  when  possible,  should  be  run  at  the  same 
speed  as  the  circulating  pump,  all  gears  being  avoided. 

When  the  cooling  water  has  to  be  lifted  against  a  very  low  head, 
the  circulating  pump  unfortunately  must  be  run  relatively  slowly, 
probably  480  r.p.m.  to  obtain  good  results.  While  it  is  possible  to 
make  a  rotary  air-pump  to  run  at  480  r.p.m.  even  for  very  small 
capacities,  it  becomes  expensive,  and  under  these  conditions  it  is 
better  to  use  separate  motors,  the  air  and  extraction  pumps  then 
being  coupled  together.  Fig.  17  (page  204)  shows  a  test  on  a 
Westinghouse-Rateau  low-lift  pump,  designed  for  a  low  speed. 
When  a  cooling  tower  must  be  used  and  the  head  against  the 
circulating  pump  is  30  feet  or  more,  a  high  speed  can  be  utilized 
and  all  the  pumps  direct  coupled,  it  often  being  advantageous  to  drive 
them  by  a  low-speed  turbine  as  shown  in  Fig.  10  (page  196).  Even 
with  a  high  head  the  efficiency  of  the  water  pump  will  be  relatively 
low,  about  65  per  cent,  for  a  speed  of  2,500  r.p.m.,  but  the 
advantages  of  a  self-contained  unit,  which  does  not  depend  on  the 
main  plant  for  power,  usually  more  than  compensates  for  this  and 
the  additional  initial  outlay  involved. 

(e)  Extraction  Pumps. — The  desire  for  high  efficiency  in  every 
detail  can  be  carried  to  excess,  and  in  the  end  defeat  its  own  object. 
This  in  the  past  has  often  been  the  case  with  condensed  steam 
extraction  pumps  for  use  with  surface  condensers.  To  save  1  to  2 
horse-power,  four  or  even  six  stage  pumps  have  been  built  running 
at  about  1,000  r.p.m.     When  it  is  considered,  that  if  one  of  the 
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extraction  pumps  should  fail,  the  whole  plant  will  be  seriously 
affected,  if  not  shut  down  with  some  types  of  air-pump,  it  is 
obvious  that  simplicity  of  design  and  reliability  are  essential.  The 
British  Westinghouse  Co.  has  developed  a  single-stage  pump 
running  at  a  high  speed  which  gives  a  sufficiently  good  efficiency, 
from  40  per  cent,  to  60  per  cent,  according  to  size.     A  section  is 

Fig.  18. — Diagram  of  Vertical  Extraction  Pump  (Westinghouse). 


shown  in  Fig.  18  which  is  self-explanatory.  These  pumps  can 
either  1)0  horizontal  and  direct  coupled  to  the  air-pump  or,  if  the 
latter  is  coupled  to  the  circulating  pumj)  and  running  at  too  low  a 
speed,  they  can  be  driven  by  a  small  vertical  motor,  which  gives  an 
id(;al  arrangement,  as  the  pump  itself  can  be  sunk  well  below  the 
condenser  floor  level,  ensuring  a  good  head  of  water  on  the  inlet 
side.  Much  trouble  lias  been  caused  by  not  allowing  sufficient 
head  to  overcome  the  pipe  friction  from  the  condenser  and  to  give 
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the  necessary  velocity  into  the  impeller.  A  sure  symptom  of  this 
is  intermittent  discharge.  Should  an  accident  stop  this  pump,  a 
Leblanc  air-pump  will  take  up  its  duty,  and  remove  the  condense 
with  a  very  slight  fall  of  vacuum. 

(f)  Vacuum  Traps. — When  it  is  necessary  to  have  a  condenser 
placed  so  that  there  is  a  fall  in  the  exhaust-pipe  to  the  engine  or 
turbine,  an  efficient  vacuum  trap  must  be  fitted  to  remove  the 
water  which  collects  and  which  would  ultimately  obstruct  the  free 

Fig.  19. — Diagram  of  Continuous  Drain  Vacuum  and  Steam  Trap  (Ogden). 


passage  of  the  steam.  A  very  simple  and  effective  type  is 
manufactured  by  Mr.  John  E.  L.  Ogden,  and  is  illustrated  in 
Fig.  19.  It  consists  of  a  cylinder  divided  into  two  compartments 
B,  B,  and  supported  at  the  centre  on  trunnions  A.  The  ends  are 
connected  to  the  vacuum  space  and  the  drainage  water  falls  by 
gravity  into  each  end  alternately,  causing  the  cylinder  to  tip  from 
side  to  side,  a  simple  valve  C  releasing  the  water  when  the  slide- 
valve  cuts  off  the  vacuum  connection. 


V.  Jet-Condensers. —  (1)  Jet-condensers  may  be  used  when  the 
supply  of  cold  water  available,  either  from  natural  sources  or  from 
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a  cooling  system,  is  suitable  for  boiler-feed  purposes.  Even  when 
this  is  not  the  case,  but  the  water  is  of  a  quality  w^hich  would 
rapidly  "  scale  "  or  "  pit "  the  tubes  of  a  surface  plant,  jet  plants  can 
often  be  advantageously  used  in  conjunction  with  a  purifier  for  feed 
purposes.  The  power  absorbed  by  the  pumps  is  usually  higher 
than  for  a  surface  plant,  although  the  actual  water  quantity 
required  is  considerably  less,  the  excess  power  being  due  to  the 
water  being  extracted  from  the  condenser  body  against  the  vacuum 
head  (which  is  approximately  32  feet)  in  addition  to  any  external 
pressure.  The  air-pump  must  also  be  larger  to  deal  with  the  air 
liberated  from  the  water,  usually  not  less  than  2  per  cent,  of  its 
volume  at  atmospheric  pressure. 

(2)  The  earlier  forms  of  jet-condensers  were  of  the  parallel  flow 
type,  in  which  the  steam  enters  at  the  same  end  of  the  condenser 
as  the  cooling  water.  The  air  is  extracted  at  the  opposite  end,  and 
is  obviously  at  the  temperature  of  the  discharge  water.  A  marked 
improvem.ent  came  with  the  introduction  of  the  counter-current 
type,  one  form  of  which  is  illustrated  in  Fig.  20.  The 
steam  here  enters  near  the  bottom  and  the  water  at  the  top, 
whence  it  flows  over  a  series  of  trays  or  through  a  series  of  holes 
in  fine  streams.  The  air  is  removed  from  the  top  of  the  shell 
where  it  is  coldest,  owing  to  contact  with  the  entering  cooling 
water  through  which  it  passes,  and  the  size  of  the  air-pump 
required  is,  therefore,  smaller  than  in  the  parallel  flow  type. 

(3)  It  is  curious  how  improvements  in  any  apparatus  frequently 
revert  to  a  modification  of  earlier  designs.  The  Westinghouse- 
Leblanc  multiple-jet  condenser  is  an  example  of  this.  Turning 
to  Fig.  21  (page  211),  which  illustrates  this  plant,  we  see  that  the 
water  and  steam  enter  at  the  top,  but  with  several  importtmt 
improvements.  The  water  does  not  flow  by  gravity  through  a 
number  of  small  holes,  which  are  liable  to  choke  up,  but  is  sucked 
in  by  the  vacuum  at  high  velocity  through  a  number  of  nozzles  of 
anii)le  size,  which  liave  a  spiral  vane  in  tlie  centre  of  the  nozzle 
to  give  tlu;  water  a  rotary  movement  wliich  ellcctively  breaks  it 
up  to  form  as  large  a  surface  as  possi])le. 

The  most  important  point,  however,  is  the  cono  under  the  water 
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Fig.  20. — Diagram  of  Counter-Current  Jet-Condenser. 


A. — Steam  iulet. 
B.— Water  iulet. 

C. — Water  and  condenser  outlet  to  ex- 
traction pump  or  barometric  leg. 


D.— Water  separator  in  air-pump 
suction. 

E.— Air-pump  suction. 
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injection  nozzles,  Fig.  21.  The  water  passing  through  this  at  a  high 
velocity  gives  the  air  a  first  compression  into  the  chamber  D.  The 
disadvantage  of  this  air  being  at  the  temperature  of  the  discharge 
water  is  neutralized  by  the  cooling  effect  of  the  Leblanc  air-pump, 
which  is  referred  to  under  the  heading  of  "Auxiliaries"  (page  191). 
The  condensed  steam  and  water  are  removed  by  the  centrifugal  pump 
C,  which  is  on  the  same  shaft  as  the  air-pump,  one  motor  or  engine 
only  being  needed  to  work  the  plant.  The  pump  C  is  specially 
designed  to  work  against  the  high  vacuum  head  of  the  condenser, 
and  is  so  arranged  that  no  air-lock  can  be  formed.  The  external 
head  on  the  extraction  pump  is  normally  from  0  to  35  feet, 
according  to  conditions,  but  in  special  cases  even  higher  heads  can 
be  dealt  with.  The  great  advantage  of  this  type  is  immediately 
apparent,  as  it  can  be  placed  directly  below  a  turbine  plant  without 
intermediate  or  bend  exhaust  pipes,  ensuring  a  straight  flow  for 
the  steam  and  no  loss  of  vacuum  between  the  exhaust  outlet  and 
the  condenser.  The  space  occupied  by  this  plant  is  much  smaller 
than  is  required  for  any  other  similar  type,  owing  to  the 
compactness  of  the  rotary  pump. 

The  vacuum  efficiency  is  not  less  than  98  per  cent,  for  turbine 
work ;  the  average  terminal  temperature  difference  between  the 
theoretical  temperature  of  the  vacuum  and  the  outlet  water 
temperature  is  about  4°  F.,  and  in  many  cases  this  figure  can  be 
further  reduced  and  sometimes  eliminated,  that  is  to  say,  the 
theoretical  vacuum  attained.  The  latter  condition  necessitates  a 
very  tight  system  and  low-seal  water  temperature  in  the  air- 
pump. 

Where  head  room  does  not  permit  of  the  plant  being  placed 
immediately  below  the  main  unit,  a  side  exhaust  can  usually  bo 
adopted,  which  arrangement  was  adopted  by  the  Westinghouse  Co. 
at  the  Metropolitan  Railway  Co.'s  Power  Station  at  Neasden.  This 
plant  will  be  eventually  composed  of  five  5,000  kw.  Westinghouse- 
llateau  impulse  turbines,  exhausting  into  five  Leblanc  jet-condensers. 
Each  condenser  is  designed  to  deal  witli  70,000  lb.  of  exhaust  steam 
per  hour  at  a  vacuum  of  28  •!  inch(!s,  the  temperature  of  the 
injection  water  being    82°  F.,  9,000  gallons  being   circulated  per 


Feb.  1913. 


MODERN   CONDENSING    ENGINES. 


211 


^12  MODERN   CONDENSING    SYSTEMS.  Feb.  1913. 

minute.  Two  of  these  sets  are  now  running  under  full  load 
conditions,  and  the  guaranteed  vacuum  is  easily  maintained.  The 
author  thinks  it  may  fairly  be  claimed  that  such  results  as  these 
are  the  best  that  could  be  obtained  under  commercial  working 
conditions. 

A  detail  of  design  of  great  importance  in  low-level  jet-condensers, 
particularly  when  working  with  reciprocating  engines,  is  the 
vacuum-breaker,  F,  Fig.  21.  Many  serious  breakdowns  in  the 
past  have  been  due  to  complicated  mechanism  failing  to  act 
efficiently  in  emergency  and  allowing  the  cooling  water  to  enter 
the  low-pressure  cylinders.  In  the  Leblanc  jet  an  extremely  simple 
and  eflfective  breaker  is  employed  which  eliminates  this  risk.  For 
large  plants  two  or  more  breakers  are  fitted,  each  capable  of 
destroying  the  vacuum  in  a  few  seconds.  Should  the  pumps  stop 
for  any  reason,  the  air-pump  also  acts  as  a  vacuum-breaker,  the  air 
having  a  free  entrance  to  the  condenser  through  the  air-pump 
discharge-diffuser. 

It  has  been  the  author's  experience  that  troubles  have  been 
hastily  attributed  to  back-flooding  of  the  condenser,  which  have 
afterwards  been  traced  to  more  obscure  causes.  In  several  cases 
when  the  engine  has  been  running  on  light  load  with  a  very  high 
vacuum  of,  say,  28*5  inches  when  changing  over  to  "atmosphere," 
knocking  has  occurred  in  the  low-pressure  cylinder  due  to  rapid 
condensation  caused  by  the  low  temperature  of  the  cylinder  walls. 
Great  care  should  be  also  taken  not  to  have  a  rise  in  the  exhaust- 
pipe  between  the  engine  and  the  condenser,  or  if  unavoidable,  a 
large  and  efficient  vacuum  and  low-pressure  trap  should  be  provided 
(see  Auxiliaries,  page  191). 

VI.  Barometric  Jet- Condensers. — These  are  very  similar  to  the 
low-level  type,  with  the  exception  that  the  hot  water  and  condensed 
steam  arc  removed  by  means  of  a  barometric  leg  instead  of  an 
extraction  pump.  The  sid vantage  is  tliat  tlie  risk  of  back-flooding 
througli  failun;  of  the  extraction  pump  is  eliminated.  The 
disadvantag(3S  consist  of  greater  expense,  more  room  occupied  and 
loss  of  vacuum  between  the  condenser  and  main  unit  due  to  the 
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abnormal  length  of  exhaust-pipe  necessary.  This  loss  may  vary 
between  0  •  25  and  1  •  0  of  mercury.  In  the  majority  of  cases  a 
low-level   jet   is   to    be   preferred.      The   only    condition   where   a 

Fig.  22. —  Diagram  of 
Ejector  Condenser. 

A.— Water  inlet. 

B. — Steam  inlet. 

C— Natural  head  of  water  of 

about  15  feet  is  neces-  TTTn    9Q 

sary  to  work  this  plant,  ^  ^"-  '^^' 

or  a  rotary  pump  to  give  i  t,  -    .  -      Tin      j 

the  necessary  head.  Critical  Point  m  Jet-Condenser, 
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barometric  plant  is  advisable  is  when  the  cooling  water  is  at  a  level 
whicli  does  not  necessitate  an  injection  pump. 

VII.  Simple  Jet- Condensers. — For  very  small  steam  quantities, 
ejector  condensers  arc   frequently  employed.      Fig.  22  shows   one 
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of  the  best  forms  of  the  older  designs.  A  great  objection 
to  this  type  is  its  limited  air  capacity,  which  depends  on  the 
quantity  of  water  passing  through  the  condenser.  To  overcome 
this  objection  the  Westinghouse-Leblanc  simple  jet-condenser, 
Fig.  24,  was  designed,  working  on  the  principle  of  the  air-pump. 
This  plant  will  remove  air  in  the  ratio  of    from  4  to  5  times  the 

Fig.  24. 

Diagrammatic  Sectional  Arrangemeiit  of  Simple-jet  Condensing  Plant 

(Westinghouse-Leblanc) . 
Exhaust  inlet. 


water   volume,  giving  a  vacuum    efficiency  nearly  as  high  as  the 
multiple  jet. 


Evaporative  Condensers. — The  author  does  not  propose  to  deal 
with  these,  as  they  are  quite  unsuitable  for  the  high  vacua  now  in 
vogue,  owing  to  the  impossibility  of  keeping  them  reasonably  air- 
tight for  any  length  of  time. 
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A  very  important  condition  in  the  working  of  a  condenser 
which  draws  its  cooling  water  by  means  of  its  vacuum  is  frequently 
overlooked  by  users,  namely,  the  maximum  overload  which  can  be 
put  on  the  condenser  without  it  entirely  shutting  down.  It  is 
obvious  that,  as  the  vacuum  falls,  less  water  will  be  drawn  in,  the 
effect  being  cumulative,  until  enough  does  not  pass  to  condense  the 
steam,  the  vacuum  entirely  failing.  Table  3  (page  213)  shows  how  this 
maybe  calculated,  and  Fig.  23  (page  214)  is  a  curve  plotted  from  the 
Table.  Arrangement  can  always  be  made  so  that  the  critical  point 
is  beyond  the  highest  steam  consumption  possible,  if  the  maker 
is  consulted  with  that  view.  Many  unexplained  failures  could 
probably  be  traced  to  this  cause. 

In  conclusion,  the  author  wishes  to  thank  Mr.  Young  for  his 
assistance  in  preparing  the  drawings  and  diagrams  with  which  this 
Paper  is  illustrated. 

The  Paper  is  illustrated  by  Plate  5  and  24  Figs,  in  the  letterpress, 
and  is  accompanied  by  4  Appendixes  with  1  Fig. 


APPENDIX   I. 

Vacuum  Efficiency. — This  is  the  percentage  of  the  theoretical 
vacuum  corresponding  to  the  temperature  of  the  condensed  steam 
discharged  (as  obtained  from  steam-tables),  which  is  maintained  at 
the  inlet  to  the  condenser. 

Example : — 
Hot- well  temperature,  90-0°  F. 
Corresponding  vacuum,  28  •  6  inches. 
Vacuum  at  inlet,  28  inches  =  98  per  cent,  of  28  •  6  inches. 

This  term  must  not  be  confused  with  condenser  efiiciency,  whicli 
refers  to  the  volume  of  water  required  to  condense  a  given  quantity 
of  steam  compared  witli  the  theoretical  quantity  necessary. 
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APPENDIX   II. 

Partial  Air-Pressure. — Dalton's  law  of  partial  pressures  of  gases 
states  that  if  two  or  more  gases  (such  as  air  and  steam)  are  enclosed 
in  a  vessel,  the  total  pressure  exerted  on  the  walls  will  be  equal  to 
the  sum  of  the  pressures  proper  to  each  gas  at  the  same  temperature. 
Therefore,  in  a  condenser  the  total  pressure  is  the  pressure  of  steam 
at  the  temperature  of  the  mixture  plus  the  pressure  of  such  air  as 
is  present  at  the  same  temperature. 


APPENDIX   III. 


Mean  Temperature  Difference. — For  counter-current  condensers  the 
mean  temperature  difference  (8)  is  obtained  from  the  formula : — 

D  =  T^  -  Ti 


B  = 

T    — 

T. 

S  — 

D  - 

B 

Log, 

D 

In  practice  it  is   suflS.ciently  accurate  to  take  Tg  =  T^,  which 
gives  a  lower  result  for  8. 

Ti  =  inlet  water  temperature. 

Tg  =  outlet  water  temperature. 

T3  =  inlet  steam  temperature  at  top  of  condenser. 

T4  = .  final  temperature  at  bottom  of  condenser. 


APPENDIX   lY. 


Weight  of  Air  imssincj  through  a  Nozzle. — The  weight  of  air 
passing  through  a  properly  designed  nozzle  may  be  calculated  as 
follows  (Leblanc)  : — 
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W  =  384-2      >-  . 

x/t7+273 

V  =  1-125    Vt.^1:273  X  F. 

W  =  weight  in  grammes  per  cm^  area  of  neck. 
P   =  atmospheric  pressure  =  1  kg.  per  cm^. 

Y  =  volume  in  litres  at  atmospheric  pressure. 
Ty  =  atmospheric  temperature  in  °  C. 

F    =  area  of  nozzle  neck  in  cm'-^. 


Fig.  25. — Weight  of  Air  passing  through  a  properly  shaped  Nozzle. 
Diamete'r  of  nozzle   in  inches 
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In  English  notation  : — 

W  =  lb.  weight  per  hour. 

A   =  area  of  nozzle  neck  in  square  inches. 

T„  =  atinospliei'ic  temperature  in  °  C. 

20:J30a 


w  = 
{See  Fig.  25.) 


VTu  +  '2.76' 
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Discussion. 

The  President  (Sir  H.  Frederick  Donaldson)  said  he  was  sure 
the  Members  would  desire  to  accord  a  very  hearty  vote  of  thanks 
to  the  author  for  his  most  interesting  Paper.  The  old  proverb  said 
that  "  every  hen  thought  her  own  chick  the  finest,"  and  the  Paper 
seemed  to  adopt  this  attitude  with  reference  to  the  particular  type 
of  condenser,  the  consideration  of  which  formed  the  body  of  the 
author's  Paper.  He  thought  that  there  were  members  present  who 
would  not  be  averse  to  take  part  in  the  discussion,  and  possibly 
advance  arguments  on  behalf  of  other  types  of  condenser  and  thus 
lead  to  advantage  in  the  usefulness  of  the  Paper  as  it  stood. 

The  resolution  of  thanks  was  carried  with  acclamation. 

Captain  H.  Riall  Sankey  (Member  of  Council),  in  opening  the 
discussion,  said  that  the  title  of  the  Paper,  "  Modern  Condensing 
Systems,"  might  have  been  more  accurately  put  as  "  The 
Westinghouse-Leblanc  air-pump  compared  with  certain  other 
air-pumps  which,  in  the  author's  opinion,  are  less  efficient." 
Further,  the  author  had  omitted  from  his  Paper  other  kinds  of 
air-pumps,  which,  as  the  President  had  already  stated,  might  be 
considered  to  be  equally  as  good  as  the  Leblanc;  therefore,  it 
was  to  be  hoped  that  those  pumps  would  be  described  in  the 
discussion,  so  that  the  title  of  the  Paper  might  in  reality  be 
maintained. 

The  author  stated  (page  192)  that  the  Leblanc  was  the  first 
working  rotary  air-pump,  a  statement  which  was  interesting  to 
him  (Captain  Sankey)  personally,  because  he  was  one  of  the  first 
engineers  to  examine  the  pump  when  it  was  made  at  the  French 
Westinghouse  Works  at  Le  Havre.  Even  at  that  time  it  was 
working  well,  although  it  had  the  defects  to  which  the  author  had 
referred  (page  195).  The  Leblanc  air-pump  was  specially  suitable 
when  a  very  good  vacuum  was  required,  that  is,  when  working 
with  steam-turbines.  When  working  with  reciprocating  engines, 
when  a  vacuum  of  about  26  to  27  inches  was  desirable,  he  thought  a 
reciprocating  air-pump  would   have   the   advantage.     The  author 
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stated  (page  193)  that  it  was  claimed  as  an  advantage  by  certain 
makers  that  the  horse-power  required  was  a  constant  at  all  speeds. 
The  author  disagreed  with  that  statement,  and  he  (Captain  Sankey) 
upheld  the  author's  opinion. 

Reference  was  made  (page  195)  to  the  original  faults  of  the 
Leblanc  air-pump.  One  of  those  faults  was  corrected  prior  to  his 
visit  to  Le  Havre,  and  as  it  illustrated  the  action  of  the  air-pump 
he  would  like  to  refer  to  it.  He  thought  he  was  right  in  saying 
that  the  idea  originally  held  was  that  it  worked  very  much  like  the 
Korting  pump,  namely,  by  the  attraction  of  the  air  to  the  water, 
whereas,  as  explained  by  the  author,  the  action  was  due  to  a  series 
of  water-pistons  following  each  other  rapidly  along  the  pipe,  and 
that  these  pistons  simply  sliced  off,  so  to  say,  "  pieces  of  vacuum," 
and  buried  them  in  the  water  flowing  through  the  discharge-pipe. 
Obviously  for  that  action  to  be  satisfactory,  the  film  forming  each 
piston  must  not  be  broken.  Now  the  original  pump-vanes  were 
splayed,  so  that  the  water-film  was  extended  horizontally,  and 
naturally  broke  towards  the  end  and  the  pistons  became  leaky. 
The  vanes  were  then  made  parallel,  and  he  was  informed  that  40  to 
50  per  cent,  better  results  were  thus  obtained.*  The  space  between 
succeeding  water-pistons  contained  steam  and  air  at  the  pressure  of 
the  condenser,!  and  as  they  moved  along  the  pipe  they  closed  on  to 
each  other  by  the  condensation  of  the  steam,  but  the  pressure 
remained  constant  and  at  last  only  air  was  left  between  them. 
Finally,  the  air  became  entangled  in  the  water  and  was  drawn  out 
into  the  exhaust-pipe,  which  was  made  of  the  shape  shown  in 
Fig.  11  (page  197).  The  shape  of  the  discharge-pipe  was  such 
that  there  was  a  good  vacuum  at  the  small  or  pump  end  and 
atmospheric  pressure  at  the  large  or  discharge  end. 

He  did  not  understand  what  the  author  meant  by  the  statement 
on  page  195,  "that  the  Westinghouse-Leblanc  pumps  will  remove 
much  more  air  per  }).li.]).,  under  similar  working  conditions,  than 

♦  Fig.  26  (page  221)  Illustrates  tbo  action  describod. 

t  Or  rather,  as  pointed  out  by  the  autbor  in  bis  reply,  tbo  pressure  in 
the  pipe  immediately  above  tbo  air-pump. 
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any  other  rotary  pump.  One  peculiarity  of  that  and  of  all  similar 
rot<ary  pumps  is  that  the  expanded  volume  removed  increases  as 
the  absolute  air-pressure  descreases,"  because  if  the  above  was  a 
correct  description  of  the  action  of  the  pump,  the  volume  of  the 
"  slices  of  vacuum  "  depended  on  the  number  of  pump-vanes  and 
their  speed.      It  did  not  matter   what   the   pressure   was   there; 


Fig.  26. 


Fig.  28. 


VELOCITY     OF 
WATER     STREAM 

AND    OF     AIR 
CLOSE     TO     IT 


CLEARANCE 


theoretically,  there  might  be  even  an  absolute  vacuum  and  yet  the 
same  volume  would  be  abstracted;  the  weight  of  air  abstracted, 
however,  depended  on  its  density  and  therefore  on  the  vacuum  in 
the  condenser. 

In  the  case  of  a  reciprocating  air-pump,  when  the  piston  was  in 
the  position  A,  Fig.  27,  there  must  be  a  certain   amount  of   air 
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remaining  in  the  clearance  slightly  above  atmospheric  pressure,  and 
when  the  piston  moved  in  the  direction  shown  by  the  arrow  that 
air  had  to  be  expanded  below  the  condenser  pressure,  say  to  the 
position  B,  before  the  admission-valves  opened.  Hence  the 
effective  volume  of  the  pump  was  from  B  to  C.  Whatever  the 
vacuum,  in  the  condenser,  the  weight  of  air  in  the  clearance 
remained  the  same,  but  as  the  vacuum  improved,  the  position  B 
would  be  displaced  towards  C  until  finally  at  some  particular 
vacuum  the  air-pump  would  not  draw  at  all.  He  therefore 
thought  the  remark  made  by  the  author,  that  the  contrary 
was  the  case  with  reciprocating  pumps,  was  correct.  He  agreed 
with  what  the  author  said  about  specifying  the  weight  of  air 
(page  195). 

To  anyone  interested  in  the  subject  of  the  Leblanc  air-pump  he 
would  recommend  "  A  Note  on  Condensation,"  by  M.  Leblanc, 
which  was  published  in  Engineering,  on  28th  August  1908.  The 
whole  of  the  theory  would  there  be  found  explained  in  a  very  clear 
manner.  Amongst  other  things,  the  reasoning  and  experiments 
which  had  led  up  to  the  design  of  the  Leblanc  air-pump,  were 
discussed.  For  example,  M.  Leblanc  calculated  the  weight  of  air 
that  would  be  drawn  along  by  a  stream  of  water.  The  velocity  of 
the  air  close  up  to  the  stream  would  be  that  of  the  stream  itself, 
and  the  air  would  be  drawn  along  at  that  velocity ;  but  at  a  certain 
distance  away  from  the  stream  there  would  be  no  velocity  in  the 
air,  the  velocity  at  intermediate  points  would  be  given  by  a  curve 
like  that  shown  in  Fig.  28.  The  velocity  of  the  air  around  the 
stream  was  represented  by  a  sort  of  cone  surrounding  the  stream 
of  water  going  down.  In  this  manner  M.  Leblanc  calculated  what 
the  diameter  of  the  water  streams  should  be,  in  order  to  make  an 
air-pump  of  the  Korting  type  work  at  about  28j^  or  29  inches 
of  vacuum,  and  he  found  that  tlie  diameter  would  liave  to  be  so 
small  as  to  be  impractical,  tliat  in  reality  it  would  be  a  fog.  It  was 
that  conclusion  that  led  him  to  devise  the  Leblanc  air-pump. 

The  author  gave  a  formula  in  Appendix  IV  (page  218)  for 
determining  the  amount  of  air  passing  through  a  nozzle,  and  he 
(Captain  Sankey)  could   fully  recommend  this  formuhi.     He  had 
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experimented  with  this  method  at  Le  Havre  where  they  had  a 
series  of  very  carefully  shaped  converging  nozzles,  so  that  the 
air  would  issue  in  parallel  streams.  Nozzles  were  prepared  of  1,  2, 
up  to  6  millimetres  in  diameter,  and  the  diameter  was  measured 
with  extreme  care.  The  pressure  at  the  inlet  would  be  that  of  the 
atmosphere,  say  14*7  lb.  per  square  inch  abs.,  the  pressure  at  the 
outlet  was  that  of  the  air-pump,  say  1  or  2  lb.  abs.  As  was 
well  known,  the  velocity  obtained  in  a  nozzle  of  that  kind  was 
the  critical  velocity,  or  the  velocity  of  sound,  when  the  outlet 
pressure  was  less  than  53  per  cent,  of  the  inlet  pressure,  namely, 
14*7  in  this  case.  So  long,  therefore,  as  the  pressure  in  the 
air-pump  was  less  than  14*7  X  0*53,  say  8  lb.  per  square  inch, 
the  critical  velocity  obtained  in  the  nozzle,  which  in  round  figures 
was  1,000  feet  per  second,  or  as  exactly  given  in  Appendix  TV, 
313*5  metres  per  second.  Therefore,  knowing  the  diameter  of 
the  nozzle,  the  weight  of  air  could  be  accurately  calculated,  so  long 
as  the  outlet  pressure  was  less  than  about  8  lb.  per  square  inch. 
The  formula  in  the  Paper  was  based  on  these  considerations. 
It  would  be  of  interest  to  point  out  that,  so  long  as  there  was 
a  pressure  in  the  air-pump  less  than  8  lb.,  it  was  impossible  to 
hear  the  working  of  it,  simply  because  the  velocity  was  equal 
that  of  sound,  and  the  noise  could  not  get  back  through  the 
nozzle ;  but  the  very  instant  a  pressure  of  8  lb.  was  obtained, 
by  admitting  more  air  the  noise  of  working  was  heard,  and  that 
was  a  definite  proof  that  the  critical  velocity  was  the  velocity  of 
sound. 

Mr.  Mark  Robinson  (Member  of  Council)  said  that  he  had  the 
pleasure  of  being  with  Captain  Sankey  during  the  investigation 
of  the  Leblano  condenser  at  Le  Havre,  and  he  had  felt  much 
interested  in  the  design,  though  he  was  not  fully  a  behever  in 
the  doctrine  of  slices  of  water  cut  off  and  serving  as  pistons  to 
carry  down  what  Captain  Sankey  had  aptly  described  as  "  pieces  of 
vacuum "  between  them.  The  rotating  wheel  flung  the  water 
down  the  converging  channel  or  nozzle  with  sufficient  force  to 
ensure   its  making  its  way  out  against  atmospheric  pressure,  and 
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the  Paper  showed  that  everything  depended  on  the  velocity  given 
to  these  fragments  of  water,  and  of  course  to  the  air  entrained 
amongst  them.  The  air  had  no  choice  but  to  go  forward  with  the 
water,  and  go  out  with  it  at  the  other  end. 

In  the  barometric  condenser  the  expulsion  of  the  water  against 
atmospheric  pressure  was  due  to  gravity  only,  that  is,  to  the  weight 
of  a  lofty  column  of  water,  which  overbalanced  the  difference  of 
pressure  between  the  atmosphere  below  and  the  vacuum  at  top. 
The    downward    velocity   of    the   water    played    no    part   in   the 
expulsion  of   the   water,  but   a   certain  velocity  was  required  for 
another   purpose  altogether,  namely,  to  ensure  that  when  the  air 
became  entrained  in  or  mixed  with  the  water,  it  should  be  carried 
downwards  with  it,  and  prevented  from  returning  to  the  condenser 
by  merely  rising    up  again  through  the  water.      He  remembered 
some   interesting   experiments  carried  out  by  Captain  Sankey  at 
Rugby  some  years  ago,  which    proved   that  a  downward  velocity 
of  more  than  1  foot  per  second  was  unnecessary  for  this  purpose. 
In  practice  the  figure  adopted  was  2  feet,  but  1   foot  per  second 
was  in  fact  sufficient  to  carry  down  any  bubbles  of  air  which  had 
once  been  fairly  "  entangled  "  in  the  water.     Without  having  seen 
the  experiment,  no  one  would  believe  how  helpless  these  bubbles 
were  in  the  water.     One  foot  per  second  sufficed  to  conquer  the 
most  powerful  bubbles.     The  very  little  bubbles  hardly  attempted 
to  rise  at  all,   even  in  still  water ;  bigger  ones  rose  slowly,  wdiile 
even  very  big   bubbles  made  but  a  poor  fight  of  it,  though  the 
curious  way  in  which,  in  rising,  they  turned  themselves  inside  out, 
and  took  the  shapes  of  parachutes,  m.uch  as  jelly  fish  would,  was 
extremely  interesting  to  watch.     The  experiment  was  carried  out 
by  forcing  air,  in  varied  quantities,  into  the  bottom  of  a  column  of 
water  contained  in  a  long  glass  tube  of  large  diameter,  in  which 
the  rate  and  nature  of  the  ascent  of  the  bubbles  (the  water  being 
still)  could  be  clearly  seen.      Witli  a  barometric  condenser,  therefore, 
the  rate  of  downward  flow  might  be  very  moderate,  for  when  once 
the  air  was  in  the  water  it  had  to  go.     The  trouble  was  to  get  it 
into  the  water.     In  this  connciction  he  might  refer  to  one  of  their 
experiences    at    Rugby,    with    which    Captain    Sankey    was    also 
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acquainted.  The  firm  had  installed  a  big  Willans  engine  at  a 
cotton  mill,  to  which  was  applied  a  barometric  condenser.  A 
centrifugal  pump  forced  water  up  to  the  requisite  height  for 
discharge  into  the  condenser,  and  the  discharge  was  so  arranged 
as  to  give  a  diverging  cone  of  water,  spread  out  with  considerable 
surface ;  this  condensed  the  steam  effectively.  A  reciprocating 
dry  air-pump,  driven  by  a  belt,  was  fitted,  drawing  air  by  a  pipe 
which  was  connected  originally  with  the  upper  part  of  the 
condenser.  This  connection  had  to  be  shifted  to  a  lower  point 
in  the  condenser  body,  below  and,  in  fact,  inside  the  conical  spray 
of  water,  and  then  the  apparatus  proved  very  efficient,  and  gave 
comjDlete  satisfaction.  On  one  occasion  the  belt  slipped  ofi",  and 
the  pump  stopped,  but  the  attendant  was  greatly  surprised  to  find 
that  the  vacuum  sufi'ered  no  change  whatever.  As  a  fact,  the  air 
had  always  been  satisfactorily  entrained  by  the  sheet  of  water  in 
the  condenser,  and  carried  with  it  into  the  stand-pipe ;  once  there 
it  could  not  get  back,  and  it  was  duly  carried  away,  without 
requiring  any  help  from  an  air-pump.  An  analogous  state  of  things 
existed  in  the  Leblanc  pump,  only  instead  of  the  outside  pressure 
being  overcome  by  gravity,  it  was  overcome  by  velocity.  He 
greatly  doubted,  however,  whether  the  water  going  down  the 
cone-pipe  really  remained  as  a  series  of  neat  (and  very  thin) 
pistons,  such  as  had  been  described,  with  the  water-vapour  and 
air  shut  in  between  them.  Such  pistons  would  be  subject  to  a 
good  deal  of  "  ring  friction,"  and  they  would  probably  break  up 
before  getting  far  down.  However,  they  entangled  the  air  somehow 
amongst  them,  and  that  was  all  that  was  wanted. 

Perhaps  the  best  mechanical  analogue  of  the  Leblanc  pump, 
different  as  it  appeared,  was  a  c/ictm-pump.  Imagine  a  condenser, 
with  a  jet  of  water  falling  through  it,  placed  on  the  top  of  the 
descending  branch  of  a  chain-pump.  A  certain  quantity  of  water- 
vapour  and  air,  as  well  as  water,  would  be  below  each  chain-bucket 
(or  piston)  as  it  entered  the  head  of  the  stand-pipe,  and  would  be 
carried  down  by  it  to  the  bottom,  and  so  out  to  the  atmosphere. 
The  Leblanc  water-pistons,  which  certainly  existed  in  some  form, 
even  if  not  in  the  very  neat  shapes  ofi'ered  in  the  drawings,  acted 
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just  as  the  chain-pistons  would  act.  Air  was  shut  in  below  the 
water-pistons  and  could  not  get  back,  and  the  pistons  had  velocity- 
enough  to  shoot  themselves  out  of  the  delivery-pipe  at  the  other 
end,  atmospheric  pressure  notwithstanding.  No  doubt  the  chain- 
pistons,  though  effective  enough  when  they  once  started  the  down 
journey,  would  make  a  sad  hole  in  the  vacuum  where  they  entered 
the  condenser  again,  and  they  would  of  course  be  a  mechanical 
impossibility.  Such  troubles  were  escaped  by  Leblanc  by  not 
bringing  his  pistons  back  for  use  over  again,  but  by  making  new 
ones  every  time  out  of  the  water  required  for  condensing  the 
steam. 

Many  forms  of  ejector-condenser  had  been  tried,  but  they  all 
failed  to  deal  with  more  than  very  small  quantities  of  air.  The 
area  of  the  exposed  surface  of  the  water- jet  had  to  be  very  small 
owing  to  the  necessity  for  keeping  the  "  rod "  of  water  straight, 
and  in  a  non-scattering  form,  by  passing  it  through  a  succession  of 
petticoat  pipes  and  nozzles,  with  only  very  limited  openings  between 
them  by  which  the  steam  could  give  access  to  the  water.  Hence  it 
was  not  possible  to  obtain  such  intimate  mixture  of  the  air  and  the 
water  as  would  enable  any  great  quantity  of  air  to  be  carried  off. 
The  essence  of  the  Leblanc  invention  was  the  intermittent  discharge 
of  the  water,  with  spaces  between  the  succeeding  portions  of  water 
—or  "  pistons,"  as  the  makers  called  them.  It  was  a  brilliant 
attempt,  apparently  successful,  to  combine  the  good  points  of  the 
piston  and  the  ejector  types. 

Captain  H.  Riall  Sankey  agreed  with  Mr.  Robinson's  remarks 
so  long  as  there  was  only  a  moderate  vacuum,  but  lie  disagreed 
if  the  vacuum  was  good.  The  point  of  M.  Leblanc's  theory 
was  that  the  water  streams  were  unable  to  draw  a  sufficient 
weight  of  air  beyond  a  certain  vacuum.  Barometric  condensers 
never  gave  a  better  vacuum  than  26  or  27  inches  at  the  most, 
unless  fitt(5(l  with  .'ur-pumps.  For  better  vacua  the  water-pistons 
Ijccjame  necessary.  Strictly,  only  two  water-pistons  were  required  ; 
the  air  enclosed  would  then  become  entangled  in  the  water  in  the 
discharge-pipe,  and  could  not  rise  again  against  the  stream  of  water, 
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as  explained  by  Mr.  Robinson.  Mere  attraction  by  water  streams 
could  not  effect  the  entanglement  of  the  air  if  the  vacuum  were 
good. 

Mr.  G.  P.  Mair  desired  to  refer  to  Fig.  17  (page  204),  where  the 
author  showed  the  test  figures  of  a  centrifugal  pump  for  circulating 
water  through  condensers.  It  would  be  noticed  that  there  was  a 
curve  showing  the  relationship  between  the  head  and  quantity, 
when  running  at  constant  speed.  Taking  the  head  of  20  feet,  there 
were  two  separate  quantities  represented,  namely,  200  gallons  a 
minute  and  something  like  2,800  gallons  a  minute.  That  meant,  that 
the  pump  could  work  and  give  two  separate  discharges,  or  in  other 
words,  the  pump  was  designed  to  work  over  the  unstable  portion 
of  the  characteristic  curve.  In  practice,  pump-makers  designed 
pumps  to  work  on  the  stable  portion,  as  the  unstable  portion 
was  obviously  not  suitable.  The  next  point  he  wished  to 
mention  in  connection  with  the  curve  was  the  variation  in  the 
power.  He  did  not  consider  that  the  pump  shown  was  designed 
in  accordance  with  modern  practice  ;  most  pump-makers — and 
there  were  now  a  great  many  of  them — designed  pumps  which 
ran  at  constant  power,  under  a  varying  head,  which  was  a  necessity 
in  connection  with  condensing  work.  For  instance,  taking  a 
circulating  pump  delivering  through  a  surface  condenser,  drawing 
from  and  delivering  to  the  same  level  and  where  the  siphonic 
action  could  be  taken  full  advantage  of,  the  head  was  then  simply 
due  to  the  friction  in  the  pipes  and  condenser.  If  a  smaller 
amount  of  water  was  required,  then  the  head  fell ;  and,  in 
accordance  with  the  properties  of  this  particular  pump,  if  the 
head  fell,  the  power  as  shown  by  the  curve  would  rise  considerably 
and  might  overload  the  motor. 

He  also  desired  to  ask  the  author  a  question  in  connection 
with  the  extraction  pump.  The  author  had  there  shown  a  very 
simple  form  of  centrifugal  pump  for  drawing  water  out  of 
condensers.  He  w^ould  like  to  know  what  head  was  necessary  to 
force  the  water  into  the  disk.  He  believed  there  were  some  pumps 
made  to  work  on  as  low  a  head  as  about  1  foot. 

s  2 
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Mr.  James  G older  said  he  desired  to  ask  the  author  a  question 
on  a  practical  point  referred  to  on  page  216,  where  the  statement 
was  made  :  "It  is  obvious  that,  as  the  vacuum  falls,  less  water 
will  be  drawn  in,  the  effect  being  cumulative,  until  enough  does 
not  pass  to  condense  the  steam,  the  vacuum  entirely  failing."  The 
author  considered  that  that  was  due  to  the  failure  of  the  injection- 
water.  Some  of  the  members  had  probably  had  experience  with 
such  plant  on  mixed-pressure  turbines,  where  the  condenser  was 
not  overloaded  so  much  with  the  steam  as  with  the  sudden  inrush 
of  air.  In  the  early  days  of  mixed-pressure  turbine  manufacture, 
when  the  change-over  gear  did  not  operate  when  it  should  have 
done,  the  pressure  in  the  supply-pipe  would  fall  below  atmosphere, 
thereby  drawing  in  air.  Sometimes  the  full  blast  of  the  winding 
engine,  started  after  a  long  stop,  would  send  a  long  pipe-line  of  air 
into  the  condenser,  which  would  be  very  effectively  dealt  with  by  the 
reciprocating  type  of  air-pump,  the  vacuum  falling  only  momentarily 
from,  say,  27  to  18  inches,  and  recovering  quite  readily.  But  when 
that  occurred  in  the  case  of  the  Leblanc  condensers,  if  the  vacuum 
fell  only  5  inches,  the  result  usually  meant  that  the  plant 
would  go  over  to  atmosphere.  This  sometimes  resulted  in  the 
complete  shutting  down.  He  would  like  to  know  whether  the 
author  had  overcome  such  a  difficulty,  so  that  his  pump  was 
capable  of  dealing  with  sudden  inrushes  of  large  quantities  of  air, 
due  to  imperfections  in  the  apparatus  governing  the  mixed-pressure 
turbine. 

Mr.  Scanes,  in  reply,  said  that  he  wished  first  to  thank  the 
President  for  his  remarks.  On  Captain  Sankey's  interesting  account 
of  his  experiences  at  Le  Havre  (page  219)  he  had  no  criticism  to 
make,  since  they  not  only  ran  parallel  with  his  Paper  but  amplified 
it.  He  (Mr.  Scanes)  had  purposely  avoided  giving  more  theoretical 
details  in  the  Paper  than  were  to  be  found  there,  because  other 
writers  had  previously  analysed  the  mathematics  of  the  Leblanc 
system  very  cjirefuUy,  notably  Professor  Leblanc,  as  mentioned  by 
Captain  Sankey.  The  Paper  was  chiefly  intended  to  bo  a  help  to 
engineers    requiring    a    practical    knowledge    of    modern    rotary 
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condensing  systems.  He  agreed  with  Captain  Sankey  that  the 
earlier  pumps  had  splayed  vanes,  and  in  this  connection  he  was 
reminded  of  an  experience  of  his  own  recently.  He  had  to  go  to 
Wales  to  dismantle  a  pump  which  was  one  of  the  first  made.  The 
plant  had  been  in  operation  for  five  or  six  years.  Of  course,  great 
improvements  have  been  made  during  this  time,  and  arrangements 
had  been  made  with  the  owners  of  the  condenser  to  replace  the 
pump  parts,  with  the  modern  design  taking  less  power.  When  the 
old  pumps  (which  had  splayed  vanes)  were  stripped  for  inspection,  it 
was  seen  that  the  air-pump  was  polished  throughout  inside,  and 
there  were  no  signs  of  wear.  It  had  never  been  touched,  and  he 
doubted  whether  any  other  type  of  pump  would  wear  so  well  in 
ordinary  colliery  practice. 

With  regard  to  Captain  Sankey's  remarks  that  the  steam  and 
air  between  the  sheets  of  water  were  at  the  pressure  of  the 
condenser,  he  would  say  that  it  was  nearly,  but  not  quite,  the  case ; 
obviously  they  had  to  be  at  a  lower  absolute  pressure.  If  the 
steam  were  entering  at  the  top  of  the  condenser  at  A,  Fig.  4 
(page  186),  while  air  was  being  drawn  into  the  pump  through  C, 
unless  the  vacuum  at  C  was  higher  than  at  A,  there  would  be  no 
flow  at  all.  Practically,  it  was  a  difference  of  only  2  or  3 
millimetres,  and,  therefore,  almost  negligible. 

Referring  to  Captain  Sankey's  remarks  about  expanded  volume, 
it  would  be  seen  that  in  Fig.  12  (page  198),  which  was  an  actual 
test  of  a  Westinghouse-Leblanc  pump,  the  pounds  of  air  removed 
were  given  on  the  bottom  scale,  and  the  cubic  feet  of  expanded 
volume  removed  were  given  on  the  left  hand  vertical  scale,  the 
curve  being  marked  "  volume."  Taking  20  lb.  of  air  per  hour,  the 
expanded  volume  was  something  over  1,000  cubic  feet  per  minute, 
but  at  200  lb.  of  air  per  hour,  the  volume  was  reduced  to  100  cubic 
feet:  the  volume  was  therefore  ten  times  greater  at  the  lighter 
absolute  pressure.  Neither  weight  nor  volume  was  constant.  He 
would  refer  to  the  comparison  with  reciprocating  pumps  again  in 
his  written  communication  (page  246). 

Mr.  Mark  Robinson  had  made  some  very  interesting  remarks 
on   barometric   condensers,  with  which   he   largely  agreed.      The 
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sister  Westinghouse  Company   in  America  had  recently  installed 

three  barometric  jet-condensers  of  the  Leblanc  type  on  the  edge 

of  a  cliff  with  a  fairly  high  barometic  leg.     Each  had  an  air-pump. 

When    the   plant  was   started,  it  was  found   that   the   air-pumps 

were    not   needed   when  working   on  a  vacuum  up  to  27  inches. 

The  customers  thought  they  had  been  the  victims  of  sharp  practice, 

as  air-pumps  had  been  sold  to  them  which  were  not  required.     He 

could   not  agree  with   Mr.   Robinson's  views  that  there  were  not 

actually  any  sUces    or   sheets   of   water   in   the   cones.     He  (Mr. 

Scanes)  had  carried  out  at  Manchester  some  hundreds  of  tests  on 

different  cone  formations,  which  had  proved  to  his  satisfaction  that 

there  were  such  sheets.     If,  for  instance,  the  sheets  did  not  touch 

equally  on  both  sides  of  the  cone  on  entering,  there  was  a  perceptible 

leakage    back   of   air,    which   could   be   explained   by   the   sudden 

insertion  of  a  plug  into  a  cylinder.     Put  in  at  an  angle  there  would 

be  a  certain  back  leakage,  but  put  in  dead  square,  there  would  be 

no  leakage.     That  explained  one  reason  why  some  cone  formations 

gave   better   results   than   others.      He    thought   that   interesting 

results  might  be  obtained  if  one  of  the  important  Institutions  could 

be  induced  to  carry  out  experiments  with  a  cinematograph  with  a 

pump   using  coloured  water  in  glass  cones.     The   speed  could  be 

reduced  and  the  action  watched. 

Mr.  Mair  had  referred  (page   227)  to  the   tests  of  the  low-lift 

circulating  pump  shown  in  Fig.  17  (page  204).     In  reply,  he  desired 

to  say  that  that  pump  had  an   efficiency  of  80  per  cent.,  a  figure 

seldom  exceeded    in    practice.      He  believed   the   plant   had    been 

working    for  two  years,  and,  as  it  had  given  no  trouble,  it  was 

evident   that   it   had    been    designed    on    tlie  right  lines.     It  was 

impossible  to  have  a  more  efficient  pump,  and  his  firm  had  installed 

many  more,  working  on  exactly  the  same  principle.     Mr.  Mair  was 

practically  correct  in  regard  to  the  extraction  pump  ;  this  required 

about   1    foot  head  of  water  on  the  inlet  side.     With  the  ordinary 

type  of  pump,  the  water  was  drawn  in   owing  to  the  rotor  of  the 

pump  creating  a  vacuum  in  the  pump  casing,  the  fiow  being  directly 

due  to  the  difference  from  atmospheric  pressure.     When  there  was 

a   vacuum    in    the   condenser  at  A,   Fig.   29,  it  was  obvious    that 
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the  pump  could  not  produce  a  higher  vacuum  at  B ;  the  only  way 
to  produce  a  flow  in  that  pump  was  by  having  a  static  head,  and 
this,  with  a  properly  designed  pump,  could  be  reduced  to  about 
1  foot.  There,  were,  however,  many  ways  of  getting  over  the 
difiiculty.  It  was  only  necessary  to  put  a  small  steam-ejector  into 
the  pump,  as  indicated ;  quite  a  small  amount  of  steam  would 
suflice  to  give  the  necessary  pressure  for  the  water  to  rise  into  the 
pump.  Fig.  30.  Such  an  injector  was  used  both  in  marine  and 
land  work. 

He  regarded  as  imaginary  Mr.  Golder's  difficulty  with  rotary 
pumps  when  used  with  mixed-pressure  turbines  (page  228).     Some 
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half  of  the  pumps  his  firm  had  installed  were  for  use  with  mixed- 
pressure  turbines,  and  the  trouble  referred  to  did  not  occur.  Of 
course  it  was  necessary  to  put  in  a  pump  of  sufficient  capacity  to 
deal  with  the  amount  of  air  likely  to  be  extracted.  In  Fig.  11 
(page  197)  a  self -charging  air-pump  was  shown,  in  which  it  was  not 
possible  for  the  vacuum  to  fail ;  if,  for  any  reason,  it  fell,  it  would 
pick  up  again  when  the  source  of  trouble  was  removed.  Mr. 
Golder  had  referred  to  Fig.  23  (page  214),  showing  the  critical  point 
in  a  jet-condenser,  but  he  thought  that  Mr.  Golder  had  rather 
missed  the  point.  If  in  a  condenser  the  vacuum  was  reduced 
through  air  leakage,  the  effect  would   be  the  same  as  if  it  were 


232  MODERN    CONDENSING    SYSTEMS.  Feb.  1913. 

(Mr.  Scanes.) 

reduced  by  an  overload  of  steam — perhaps  not  quite  so  rapid,  but 
very  similar.  The  points  of  failure  in  both  cases  would  be  similar, 
and  his  firm  had  guarded  against  that  by  putting  in  an  amply  large 
pump.  Should  there  still  be  any  doubt,  the  arrangement  shown  in 
Fig.  11  (page  197)  would  entirely  overcome  it,  as  the  plant  would 
pick  up  from  atmospheric  pressure  if  necessary  without  alteration. 
[See  page  246.] 


Communications. 

Mr.  E.  R.  Briggs  desired  to  draw  attention  to  the  curves 
showing  experimental  results  by  various  authorities  on  the  heat 
transmission  from  steam  to  water  in  surface  condensers,  shown  in 
Fig.  3  (page  184).  It  was  interesting  to  note  that,  with  the 
exception  of  curves  5,  8  and  10 — namely,  Hagemann's,  Allen's,  and 
Orrok's — all  the  curves  indicated  that  the  rate  of  heat  transmission 
varied  as  the  cube  root  of  the  velocity  of  the  water  in  the  tubes. 
Hagemann's,  Allen's,  and  Orrok's  results  showed  that  the  heat 
transmission  varied  as  the  square  root  of  the  velocity.  Hausbrand, 
in  "  Evaporating,  Condensing  and  Cooling  Apparatus,"  page  39, 
quoted  M oilier 's  formula,  calculated  from  Ser's  experiment,  as — 

K  =  3,300  A^v  in  metric  units,  which  gave 
K  =     453  A^v  in  English  units. 

Joule's  equation  was  given  as : — 

K  =  1,750  ^v  in  metric  units,  or 
K  =      240  ^v  in  English  units. 

Both  these  figures  were  lower  than  the  curves  given  by  the 
author.  Mollier  also  deduced  from  Hagemann's  experiments  the 
following  expression  for  K.* 

*  ta  =  steam  temperature,  ta  and  te  inlet  and  outlet  water  temperature. 
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K  =      50  + 


[1,000  +  10  ( /<z+  ^«-tA.^     ^^  in  metric  units,  or 

K  =  5-63  +  172-6  +  0-626  (  ta+  ^^-^)\^/vin  English  units. 

A  point  in  connection  with  heat  transmission  in  surface 
condensers  which  did  not  appear  to  have  received  due  attention, 
although  it  was  recognized  by  many  modern  designers,  was  the 
speed  of  the  steam  across  the  tube.  The  advantage  of  this  was 
expressed  in  the  shape  of  a  formula  by  Hausbrand  (page  263), 
where  he  gave  the  value  of  the  coefficient 


K  =  750  V^  V0-007  +  «;. 

Neglecting  the  value  of  the  0-007,  as  it  was  small  compared 
with  V,  this  might  be  expressed  in  English  units  as — 

K  =  57  yy  v^ 

Hausbrand  stated  that  this  formula  was  founded  on  observations 
made  in  actual  practice,  on  large  and  small  condensers  of  most 
varied  forms.  Y  denoted  the  velocity  of  the  steam  when  it  entered 
the  condenser  (initial  velocity),  and  v  the  mean  velocity  of  the  cooling 
water.  It  was  well  to  note  that  Hausbrand  agreed  with  Joule  and 
Ser  in  that  he  gave  the  coefficient  of  heat  transmission  as  varying 
with  the  cube  root  of  V,  and  not  as  the  square  root  of  Y,  as  given  by 
Hagemann.  A  glance  at  Fig.  3  (page  184)  showed  how  widely  the 
coefficient  varied,  for  example,  at  3  feet  per  second,  it  varied  from 
380  to  750.  It  was  to  be  hoped  that  this  matter  would  be  further 
gone  into  in  connection  with  the  investigations  on  heat  transmission 
by  the  Institution. 

The  author  appeared  to  base  his  chief  claim  on  the  advantages 
of  the  Leblanc  air-pump  by  disparaging  other  types.  This  was  a 
pity,  as  the  rotary  pump  had  its  advantages,  which  one  would 
expect  to  be  more  clearly  defined  by  a  representative  of  the  British 
Westinghouse  Co.  Exception  must,  however,  be  taken  to  some 
of  the  statements  made  by  the  author  in  connection  with  the 
augmenter  plant.  Special  attention  was  drawn  (page  191)  to  the 
fact  that  the  augmenter  absorbed  from  1  to  IJ  per  cent,  of  the 
main  steam  consumption  of  the  turbine  at  full  load,  and  it  was 
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emphasized  that  this  should  be  taken  into  account.     As  a  matter 

of  fact,  the  writer's  firm  (Messrs.  Willans  and  Robinson,  Ltd.), 

found  that  the  consumption  was  lower  than  this,  in  many   cases 

being  as  low  as  0-6  per  cent.     Actual   tests  were   made    on  the 

consumption  of  an  augmenter  for  a  plant  dealing  with  22,700  lb. 

of  steam  per  hour,  and  it  was  found  that  the  consumption  of  the 

augmenter   varied    from    140    to    150  lb.    per   hour.     Taking   the 

higher  of  these  two  figures,  the  consumption  was  0-66  per  cent. 

As   a   set-ofi'    against    the    consumption,    the   fact    must    not   be 

overlooked    that   with   an   augmenter,    the    air-pump    was    much 

smaller  than  with  a  non-augmenter  plant,  consequently,  the  total 

power,  including  the  augmenter  steam,  was  less  than  the  power 

required  to  drive  an  air-pump  of  a  non-augmenter  plant,  speaking 

of  reciprocating  pumps  in  both  cases.     The  cost  was  also  greatly 

exaggerated ;  the  reduction  in  size  of  the  air-pump  as  a  rule  more 

than  paid  for  the  cost  of  the  augmenter  jet  and  the  small  surface 

condenser  necessary. 

With  regard  to  the  horse-power  of  the  rotary  air-pump,  this 
was  at  least  twice  that  required  for  a  corresponding  Edwards  air- 
pump,  and  curves,  showing  very  careful  experiments  on  both  pumps 
for  equal  duties,  were  given  by  Mr.  Dexter  of  The  Mirrlees  Watson 
Co.  in  the  Paper  read  before  the  Glasgow  Technical  College  Scientific 
Society  on  13th  November  1909.  If  the  increased  power  were  taken 
into  account,  then  the  capitalized  running  and  depreciation  costs 
given  by  the  author  in  Fig.  2  (page  183)  would  show  an  increase  of 
quite  50  per  cent,  for  the  Leblanc  pump  as  against  the  Edwards 
pump.  This  way  of  looking  at  the  problem  could  not  be  over- 
emphasized, and  very  little  consideration  would  show  that  the 
capitalized  running  costs  of  the  Leblanc  system  amounted  to  a  sum 
greatly  in  excess  of  the  slightly  extra  initial  cost  for  an  augmenter 
plant  and  Edwards  air-pump,  as  compared  with  a  rotary  pump. 

There  was  another  point  in  connection  with  this  question,  that 
is,  tlie  size  of  the  surface  condenser.  Some  two  years  ago,  Messrs. 
Willans  and  Robinson,  Ltd.,  quoted  for  a  turbo  i)l:nit  complete 
with  surface  condenser,  augmenter  and  Edwards  air-pump.  Before 
tlie   order   was   definitely   2)laced,   it   was  decided   to  fit  a  Leblanc 


Feb.  1913. 


MODERN   CONDENSING   SYSTEMS. 


235 


236  MODERN    CONDENSING    SYSTEMS.  Feb.  1913. 

(Mr.  E.  R.  Briggs.) 

air-pump  in  place  of  the  Edwards  pump  and  augmenter.  The 
question  was  gone  into  very  thoroughly  with  the  Societe  Anonyme 
Westinghouse,  who  refused  to  guarantee  the  results  with  their 
air-pump,  unless  the  surface  of  the  condenser  was  increased  by  at 

Fig.  33. — End  View  of  one  of  the  3  sets  of  7,000/750  Turbo- Alternators  and 
Condensing  Plant  for  Sydney  Trains  {White  Bay). 


least  10  per  cent.  Here  was  an  actual  concrete  case,  showing  that 
the  vacuum  augmenter  was  able  to  sweep  the  tubes  of  air  in  such 
an  eflicient  manner  tliat  the  coeflicient  of  lieat  transmission  could 
be  raised  10  per  cent. 
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The  comparison  made  in  Fig.  10  (page  196)  between  the  Leblanc 
plant  and  an  augmenter  plant  was  not  a  fair  one,  inasmuch  as  the 
author  had  shown  a  small  water-seal  tank  below  the  basement  floor 
level,  which  he  stated  was  not  now  in  use,  as  the  arrangement 
shown  in  Fig.  11  (page  197)  was  substituted  for  it.  A  glance  at 
this  would  show  the  large  size  of  the  tank  in  proportion  to  the  air- 
pump.  It  w^ould  be  noticed  in  Fig.  11  that  a  large  overflow-pipe 
was  shown  connected  to  this  tank.  Owing  to  the  importance  of 
keeping  the  temperature  of  the  water  as  low  as  possible,  it  was 


Fig.  34. — Condenser  Tube-plate  Joint  and  Details  of  Ferrules. 


T 


necessary  to  change  it  continuously,  the  make-up  being  a  very 
serious  item.  In  some  cases  it  was  possible  to  couple  the  inlet  and 
overflow  from  the  tank  to  the  circulating  water-main,  the  overflow 
being  led  to  the  suction  side  of  the  circulating  pump,  and  the  inlet 
from  some  pressure  part,  the  inlet  on  the  tank  being  controlled  by 
a  ball-float  or  other  equivalent.  Unfortunately,  it  was  not  always 
possible  to  arrange  the  pipes  in  this  way,  and  considerable  difticulty 
arose  in  making  suitable  provision  for  the  large  quantity  of  cooling 
water  required  by  the  air-pump  tank.     In  one  example,  separate 
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coolers  had  to  be  provided,  and  in  another  case,  an  extra  pump  had 
to  be  added,  in  order  to  hft  the  water  up  to  the  pond  of  the  cooHng 
tower  ;  the  tank  being  in  the  engine-room  basement,  it  was  not 
possible  to  make  a  connection  for  the  discharge-water  at  a  point 
ha\^ng  a  pressure  low  enough  to  cause  the  water  to  flow  away  from 
the  tank. 

The  design  of  the  condenser  shown  on  Fig.  4  (page  186)  was  in 
accordance  with  the  practice  of  most  modern  makers.  Fig.  31 
(page  235)  showed  the  arrangement  of  a  Willans  surface  condenser. 
This  particular  case  was  a  3-flow  one,  but  a  4-flow  one  was  more 
often  used,  in  order  to  keep  a  higher  velocity  of  water  in  the  tubes. 
Fig.  32  showed  another  surface  condenser  having  two  inlet 
branches.  This  lent  itself  to  a  convenient  arrangement  with  large 
turbines,  in  which  the  exhaust  was  taken  from  the  turbine  by 
means  of  two  legs.  This  condenser  was  one  of  three  recently 
supplied  by  Messrs.  Willans  and  Robinson,  to  condense  the  steam 
from  three  7,000-kw.  Willans  turbines  supplied  to  the  New  South 
Wales  Government.  Fig.  33  (page  236)  showed  the  arrangement  of 
these  sets,  from  which  it  would  be  seen  that,  with  the  double 
exhaust  legs  and  the  condensers  placed  at  right  angles  to  the 
turbines,  an  excellent  distribution  of  steam  was  obtained  without 
baffling.  A  small  detail,  but  one  of  importance,  was  in  well  rounding 
the  inlet  to  the  ferrules,  as  shown  on  Fig.  34.  This  nozzling  effect 
on  the  ferrules  helped  to  reduce  the  friction  of  the  water  entering 
the  tubes. 

Mr.  Charles  Ertth  wrote  that  the  advantages  of  small  steam- 
turbines  for  direct  driving  of  auxiliaries  were  very  great.  Small 
steam-turbines  were  necessarily  designed,  primarily  for  reliability, 
and  secondarily  for  low  cost ;  and  there  was  no  valid  reason  for 
designing  them  so  as  to  approach  the  main  turbine  in  steam 
consumption  per  horse-power.  The  practice  of  making  small 
stcam-tur})iri(^s  to  exhaust  to  the  low-pressure  stages  of  the  main 
turbine  could  not  }>e  justified.  In  such  (;ases,  the  latent  heat  of 
tlie  small  turbines  was  lost  in  the  circulating  water  of  tlio 
condenser,  and  the  overall  efliciency  of  tlui  small  iuil)iuc  was  only 


Fkh.  1013.  MODERN    CONDENSING    SYSTEMS.  239 

about  two-thirds  the  efficiency  of  the  main  turbine.  The  only 
sound  practice  was  to  take  the  exhaust  of  all  such  auxiliaries 
to  a  suitable  open-type  feed-water  heater,  condensing  the  exhaust 
at  atmospheric  temperature  by  the  feed-water,  and  so  recovering 
its  latent  and  sensible  heat.  In  this  way,  the  thermal  efficiency 
of  pumps  and  other  auxiliaries  was  necessarily  many  times  greater 
than  that  of  the  main  turbine  with  its  condenser.  Experience 
showed  that  even  if  saturated  steam  were  used  in  simple, 
inexpensive,  "  fool-proof,"  small  steam-turbines  driving  the  various 
pumps  direct,  the  feed-water  heater  was  capable  of  returning  to 
the  boilers  all  the  heat  of  the  available  exhaust.  Under  such 
conditions,  the  use  of  superheated  steam  for  small  turbines  was 
rarely  justified,  and  there  was  no  occasion  whatever  for  complication 
and  added  cost  in  these  auxiliaries.  The  case  was  totally  different 
from  the  main  turbine,  where  high  superheat,  high  vacuum, 
refinement  of  design,  and  consequent  low  steam  consumption,  were 
well  worth  paying  for. 

The  advantage  of  taking  power  for  pumps,  etc.,  direct  from 
boilers  was  undeniable.  The  substitution  of  high-speed  rotary 
motion  for  low-speed  reciprocating  motion,  and  the  absence  of  oil 
in  the  exhaust,  would  alone  make  the  small  turbines  exhausting  to 
the  feed-heater  desirable.  The  small  turbine  had  all  the  simplicity 
of  an  electric  motor  for  driving  pumps,  etc.,  and  it  was  free  from 
the  risk  of  electrical  leaks ;  it  would  stand  the  hardest  usage,  and 
in  combination  with  a  suitable  feed-water  heater  and  purifier,  its 
efficiency  was  far  in  advance  of  the  main  turbine. 

Mr.  Owen  A.  Price  wrote  that  he  would  like  to  make  some 
remarks  from  the  point  of  view  of  the  engineer  responsible  for  the 
design  and  satisfactory  operation  of  centrifugal  extraction  pumps. 
In  referring  to  extraction  pumps,  the  author  said  (page  206),  "  Much 
trouble  has  been  caused  by  not  allowing  sufficient  head  to  overcome 
the  pipe  friction  from  the  condenser  and  to  give  the  necessary 
velocity  into  the  impeller."  From  the  immediate  context,  it  was 
evident  that  this  remark  was  applied  to  pumps  extracting  from 
surface  condensers,  but  anyone  with  much  experience  of  centrifugal 
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pump  or  condensing  work  knew  it  was  equally  applicable  to  pumps 
extracting  water  from  low-level  jet-condensers.  The  writer  had 
heard  of  these  "  cavitation "  or  fluctuating  discharge  troubles 
in  extraction  pumps  of  nearly  every  well-known  maker  in  the 
country.  The  pump  was  usually  blamed,  yet  when  properly 
understood,  a  centrifugal  pump  was  so  simple  in  operation  that 
there  was  nothing  that  could  be  wrong  with  it.  Anyhow,  the 
pump  engineer  was  usually  called  in  to  correct  mistakes,  and  these 
remarks  were  offered  as  suggestions  to  engineers  who  might  have 
to  investigate  troublesome  cases. 

As  a  general  result  of  the  writer's  experience,  he  had  been  forced 
to  the  opinion  that  in  many  cases  insujfficient  head  on  the  pump 
suction,  as  stated  by  the  author,  had  not  been  the  real  cause  of  the 
cavitation  or  irregular  flow  from  the  pump.  The  cause  had  been 
either  in  too  small  a  connection  from  the  pump  to  the  condenser, 
thus  bringing  about  too  high  a  water  velocity,  or  the  shape  and 
volume  of  the  condenser  bottom  itself  had  been  at  fault.  With 
regard  to  the  amount  of  head  usually  allowed  (that  is,  the  distance 
from  normal  water-level  in  the  condenser  to  the  pump  centre) 
some  pump-makers  were  quite  content  with  3  or  4  feet,  while 
others  insisted  on  10  feet,  an  amount  which  generally  required  the 
pump  to  be  placed  in  a  deep  pit.  In  the  writer's  opinion,  a  high 
head  above  the  pump  was  not  essential,  provided  suflicient  attention 
were  paid  to  the  following  four  points  :  (1)  Water  should  rain  down 
on  a  portion  only  of  the  surface  of  the  bottom  pond,  leaving  the 
other  part  of  the  surface  free  for  escaping  bubbles  to  the  air-pump 
suction.  (2)  The  surface  of  the  water  should  be  in  communication 
with  the  part  of  the  condenser  subject  to  the  highest  vacuum,  thus 
assisting  the  escape  of  bubbles.  (3)  Downward  flow  in  the  bottom 
pond  should  be  very  slow  indeed.  (4)  A  large  volume  of  dead 
water  should  be  in  immediate  communication  with  the  pump 
suction. 

Granted  that  these  were  the  correct  piiTiciplos  of  design,  the 
arrangement  shown  in  Fig.  21  (page  211)  would  appear  to  be  ideal 
for  the  satisfactory  operation  of  the  water  extraction  pumps.  The 
writer  would  like  to  ask  if  the  author  had  over  had   cavibition 
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troubles  in  pumps  so  arranged,  also  what  was  the  approximate 
working  level  of  water  in  such  a  condenser,  and  how  high  this 
water  must  rise  before  the  vacuum  breaker  was  opened. 

On  the  other  hand,  Fig.  20  (page  209),  judged  by  the  principles 
just  laid  down,  illustrated  an  arrangement  which,  though  very 
common,  was  very  unsuitable  for  the  most  satisfactory  working  of 
the  extraction  pumps.  Every  case  of  a  troublesome  pump  that  the 
writer  had  come  across  had  been  either  connected  with  such  a 
condenser  or  with  a  surface  condenser  having  some  similar  defects. 
In  Fig.  20  the  water  rained  down  on  to  the  whole  surface  of  a 
small  volume  of  water,  which  itself  was  either  a  much  agitated 
vortex  or  was  in  considerable  commotion ;  each  drop  of  water 
trapped  a  globule  of  air  or  water  vapour  and  carried  it  down 
beneath  the  surface,  where  it  was  drawn  into  more  quickly  moving 
water  and  was  carried  to  the  pump.  (Possibly  large  gulps  of  air 
were  carried  down  the  central  core  of  the  vortex.)  Also,  the 
surface  of  the  water  was  in  communication  with  the  part  of  the 
condenser  subject  to  the  lowest  vacuum,  and  the  pump  drew  from 
a  quickly  running  stream.  In  fact,  in  Fig.  20  the  conditions  for 
the  extraction  pump  were  in  direct  contrast  to  those  of  Fig.  21 
(page  211),  and  yet  many  engineers  would  expect  the  pumps 
themselves  to  behave  similarly  in  both  cases. 

With  the  assistance  of  a  gauge-glass  on  the  delivery  side  of  an 
extraction  pump,  the  writer  was  once  able  to  examine  the  state  of 
the  water  in  a  troublesome  plant  provided  with  a  condenser 
designed  on  the  lines  of  Fig.  20.  The  result  was  enough  to 
convince  any  engineer  that  the  water  would  be  very  troublesome 
to  pump.  It  was  no  exaggeration  to  say  that  the  water  simply 
contained  myriads  of  tiny  bubbles.  These  bubbles  on  the  pressure 
side  of  the  impeller  ranged  from  ^-^  to  about  ^-^  inch  in  diameter, 
and  the  writer  estimated  there  were  about  500  bubbles  to  the  cubic 
inch.  There  was  a  pressure  of  about  15  lb.  at  the  pump  delivery, 
and,  as  the  pressure  in  the  condenser  was  about  minus  14  lb.,  these 
bubbles  must  have  been  about  thirty  times  the  volume  when  they 
entered  the  pump  suction,  and  the  remarkable  thing  really  was  that 
the  pump  dealt  with  the  water  at  all.     At  the  pump  delivery,  the 
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bubbles  represented  from  IJ  to  3  per  cent,  of  the  total  volume 
delivered.  Regarding  the  exact  nature  of  these  bubbles  and  the 
apparent  presence  of  so  much  air,  the  writer  would  like  to  ask  the 
author  if  he  had  any  evidence  that  an  appreciable  amount  of 
dissolved  air  separated  from  the  injection  water  under  the  high 
vacuum  present  in  these  jet-condensers. 

It  was  quite  well  known  that  bubbles  considerably  reduced  the 
output  of  a  centrifugal  pump,  hence  a  pump  to  deal  with  such 

Fig.  35. — Modified  Sketch  of  Condenser  illustrated  in  Fig.  20  {page  209). 


COMMUNICATION     WITH 
HIGHEST     VACUUM 


WATER     LEVEL 


TO     EXTRACTION     PUMP 


/      ALTERNATIVE     BOTTOM 


l_J.- 


water  must  Ijc  designed  for  a  larger  output  than  was  actually 
required  for  it.  This,  however,  would  mean  an  inefficient  pump, 
and  the  real  remedy  was  to  correct  the  condenser  bottom  and  the 
connection  to  the  pump,  on  tlio  lines  of  the  principles  laid  down. 
The  condenser  of  Fig.  20  was  easily  modified,  as  shown  by  the 
amended  sketch,  Fig.  35.  Iti  conclusion,  he  would  like  to  point 
out,  that  the  fact  that  a  troublesome  plant  had  been  improved  by 
increasing  the  head  over  the  pump  suction  did  not  prove  that  the 
same  plant  would  not  have  worked  satisfactorily  with  the  smaller 
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head  under  better  conditions ;  the  effect  of  increasing  this  head,  was 
of  course  to  compress  the  bubbles  on  the  suction  side  and  this  must 
necessarily  bring  about  an  improvement.  The  writer  did  not  notice 
any  mention  of  condensing  systems  for  dealing  with  fluctuating 
load ;  the  correct  design  of  a  satisfactory  extraction  pump  to  run 
at  constant  speed  and  to  adjust  itself  automatically  to  fluctuating 
load  was  a  most  interesting  but  difficult  problem. 

Mr.  Robert  Royds  wrote  that,  in  studying  the  diagrams  showing 
the  results  of  tests  in  Figs.  9,  12,  13,  14,  15,  17  and  23,  he  was 
struck  by  the  fact  that  the  author  had  not  thought  it  worth  while 
to  show  a  single  experimental  point.     In  the  writer's  opinion,  this 
was  a  particularly  objectional  method  of  representing  the  results  of 
experiments,  and  was  likely  to  give  the  impression  that  the  curves 
had  probably  been  obtained  by  a  free  exercise  of  the  draughtsman's 
imagination.      On    reading    through    the    text    one    might    find 
additional  grounds  for  suspicion  in  this  direction  as,  for  instance, 
in  the  statement  on  page   195,  that    "The  latest  designs  of  the 
Westinghouse-Leblanc  pumps  will  remove  much  more  air  per  b.h.p. 
under  similar  working  conditions    than  any  other   rotary  pump." 
This  was  too  much  like  the  statements  to  be  found  in  abundance 
in  makers'  catalogues  and  would  probably  be  valued  as  such,  since 
no  proof  was  given.     The  only  result  of  such  a  statement  would  be 
that  most  of  the  important  makers  of  air-pumps  would  feel  it  their 
bounden  duty  to  contradict  the  statement,  and  possibly  adduce  the 
results  of   tests  to    support   their  own  view.     The  same  remarks 
would  also  apply  to  the  statement  on  page  210  that  "The  space 
occupied  by  this  plant  is  much  smaller  than  is  required  for  any  other 
similar  type,  owing  to  the  compactness  of  the  rotary  pump."    Again, 
of  what  possible  value  to  anyone  was  the  statement  on  page  217 
that  "  The  weight  of  air  passing  through  a  properly  designed  nozzle 
may  be  calculated  as  follows  "  ?     Then  followed  a  formula,  but  no 
statement  as  to  how  it  was  obtained,  or  by  what  methods,  or  for 
what  conditions. 

The  curves  of  heat  transmission  shown  in  Fig.  3  (page  184)  were 
somewhat   misleading  in  that  whilst  each  experimenter  no  doubt 
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worked  as  accurately  as  possible,  differences  of  conditions  arose,  no 
account  of  which  was  taken  in  the  diagrams  in  Fig.  3.  Only  three 
of  the  curves  were  obtained  from  condensers  of  reasonable 
dimensions,  the  others  related  to  experiments  made  with 
comparatively  small  apparatus.  The  average  rate  of  heat 
transmission  in  a  surface  condenser  not  only  varied  with  the 
velocity  of  the  circulating  water,  but  also  with  the  amount  of 
steam  allowed  to  enter  the  condenser.  It  was  easy  to  realize  thjat, 
if  only  a  comparatively  small  quantity  of  steam  were  allowed  to 
flow  continuously  to  a  condenser,  the  steam  would  be  condensed 
on  the  first  few  tubes  and  the  remainder  of  the  tubes  would  be 
flooded  with  air.  Although  the  rate  of  heat  transmission  would 
no  doubt  increase  with  the  velocity  of  the  water  under  such 
conditions,  the  absolute  values  would  necessarily  be  small 
compared  with  those  obtained  with  a  larger  steam  supply  and  a 
corresponding  smaller  number  of  tubes  flooded  with  air.  The 
curves  shown  in  Fig.  36  illustrated  this  point.  These  showed  the 
results  of  experiments  made  by  the  writer  on  a  small  high-speed 
condenser  consisting  of  two  brass  tubes,  one  inside  the  other,  and 
enclosed  in  a  cast-iron  shell.  The  steam  passed  through  the  inner 
tube  and  then  to  the  outside  of  the  outer  tube,  whilst  the  water 
passed  through  the  annular  space  y^^r-inch  wide  between  the  two 
brass  tubes.  The  total  tube-condensing  surface  was  .2 '5  square 
feet.  The  quantity  of  steam  flowing'  into  the  condenser  was 
adjusted  so  as  to  preserve  a  definite  outlet  temperature  of  the 
condensed  steam  and  the  air  for  each  series  of  tests  at  the  values 
marked  on  the  curves,  the  steam  condensing  under  atmosplijeric 
pressure  conditions  in  every  case.  The  inlet  temperature  of  the 
water  varied  between  dili'erent  tests  from  about  49°  F.  to  59°  F. 
These  results  clearly  illustrated  the  effect  of  attempting  to  cool  air 
and  water  of  condensation,  and,  of  course,  this  feature  was  fairly  well 
known  to  condenser  experts.  Tliorc;  was  liardly  any  doubt  but  that 
the  discrepancies  exhibited  between  the  curves  in  Fi^'.  3  (page  184) 
could  be  explained  in  the  light  of  the  results  shown  in  Fig.  36,  but 
only  a  few  of  the  experimenters  rej)resentod  on  page  184  thought 
it  worth  while  to  pul)lish  the  values  of  the  temperatures  of  the 
condensed  steam  and  air  at  the  condenser  outlet. 
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Referring  to  the  cross-sectional  view  at  the  right-hand  side  of 
Fig.  4  (page  186),  it  would  be  noticed  that  the  draughtsman  had 
indicated  what  he  imagined  would  be  the  direction  of  the  flow  of 
steam  through  the  condenser.  The  resistance  of  the  path  round  the 
left-hand  side  of  the  condenser  shown  in  the  cross-sectional  view 


Fig.  36.— Steam  Condensed  at  212°  F. 


Q.  O 

oc  UJ 

=>  2 

o  z 

■*•  q: 

LU 

oc  u. 

UJ  LL 

w  5 

CC  -I 

u  < 

D  UJ 


1.600 


1,400 


1,200 


1,000 


800 


600 


400 


200 


1,000 


7,000         8,000 


2,000  3,000        4,000         5,0C0         6,000 

WEIGHT    OF    CIRCULATING    WATER     LB.   PER    HOUR 
0  2*09  4-18  6'27  8«36  10'45         12'54  14'63 

APPROXIMATE    VELOCITY    OF    CIRCULATING     WATER     FT.    PER    SEC. 

would  be  much  greater  than  at  the  centre,  and  it  was  doubtful 
whether  there  was  any  appreciable  flow  in  the  former  path.  At  any 
rate  there  was  a  likelihood  that  the  contents  of  the  condenser  near 
the  left-hand  side  were  stagnant  and  flooded  with  air.  This  condition 
would  appear  to  be  aggravated  by  the  designer  having  left  out  some 
of  the  tubes  near  the  centre  portion  at  the  top  of  the  condenser. 
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Mr.  ScANES  wrote  that,  in  further  reference  to  Captain  Sankey's 
remarks,  he  noticed  that  Captain  Sankey  agreed  with  his  statement 
that  the  characteristic  of  reciprocating  and  rotary  pumps  were 
divergent,  and  he  wished  to  ampUfy  Fig.  27  (page  221)  by  tests  on 
a  Westinghouse-Leblanc  and  a  modern  direct-acting  steam-driven 
wet  and  dry  cylinder  air-pump,  arranged  with  a  cooler  for  the  seal 
water  used  in  the  "  dry  "  cylinder.  This  latter  pump  was  naturally 
the  most  ejQficient  type  of  reciprocating  pump  to  be  obtained  from 
a  thermal  point  of  view,  as  the  wet  air-pump  worked  approximately 
at  the  temperature  due  to  the  vacuum,  but  the  dry  cylinder  worked 
at  a  much  lower  temperature  and  dealt  with  a  maximum  air 
quantity.  The  Leblanc  pump  was  one  supplied  to  the  New 
Goch  Mine  of  the  General  Mining  and  Finance  Co.,  South  Africa. 
It  would  be  noticed.  Fig.  37,  that  the  tests  on  both  pumps  w^ere 
reduced  to  a  working  hot- well  temperature  of  96°  F.,  corresponding 
to  a  theoretical  vacuum  of  28 '3  inches.  It  would  also  be  noted 
that  the  steam  consumption  of  the  two  pumps  was  about  the  same, 
varying  of  course  with  the  steam  conditions,  which  in  the  case  of 
the  Leblanc  had  been  taken  as  180  lb.  per  square  inch  boiler 
pressure,  dry  saturated,  5  lb.  gauge  back-pressure  to  feed-water 
heater. 

For  a  vacuum  of  28  inches  (turbine)  the  Leblanc  pump  had  a 
capacity  of  20  lb.  of  air  per  hour,  equivalent  to  34,000  lb.  of  steam 
{see  foot-note  on  page  203).  The  reciprocating  pump  could  not  reach 
28  inches  vacuum  with  the  temperature  given.  With  a  vacuum  of 
2't  '75  inches,  the  reciprocating  pump  would  remove  15  lb.  of  air, 
corresponding  to  25,400  lb.  of  steam,  against  34  lb.  of  air  or  57,500  lb. 
of  steam  for  the  Leblanc  pump.  For  engine  work  at  26  •  5  inches 
vacuum,  the  pumps  were  of  equal  capacity,  but  the  balance  was  in 
favour  of  the  Leblanc  owing  to  its  greater  simplicity.  Moreover, 
it  was  not  usual  to  put  in  reciprocating  pumps  of  such  an  expensive 
type  for  low  vacua,  with  the  result  that  the  performance  of  the 
reciprocating  pump  would  })0  worse,  down  to  at  least  25  inches 
vacuum.  A  vacuum  ])elow  this  point  was  seldom  used  in  modern 
practice.  lie  (Mr.  Scanos)  tliought  that  these  figures  eH'cctively 
disproved  Captain  Sankey's  remark  that  the  Leblanc  pump  was 
only  useful  for  turbine  work. 
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Fig.  37. — Comparison  of  Performance  of  Westinghouse-Leblanc  Rotary  Air- 
Pump  loith  Wet  and  Dry  Cylinder  Reciprocating -Pump,  with 
Intercooler. 
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He  thanked  Captain  Sankey  for  pointing  out  that  he  had 
omitted  to  state  that  the  air-nozzle  formula  only  held  good  for  a 
pressure  in  the  air-pump  of  0-53  of  the  atmospheric  pressure.  Of 
course,  in  practice,  such  a  low  vacuum  was  not  required. 

He  had  had  time  to  consider  Mr.  Mair's  remarks  on  the 
unstability  of  the  pump  characteristic  shown  in  Fig.  17  (page  204), 


Fig.  38. 
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and  he  wished  to  explain  that  this  pump  had  to  work  against  a 
total  head  of  20  feet  and  deliver  2,500  gallons  per  minute.  This 
head  was  made  up  of  about  12  feet  friction  and  8  feet  static  head. 

liofcrring  to  Fig.  38,  it  could  be  seen  that  the  totjil  head  would 
vary  with  the  water  quantity,  and  that  the  actual  head  at  any 
moment  was  always  well  below  the  cliaractoristic  head,  which  was 
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of  course  obtained  by  throttling  by  means  of  a  valve.  With 
200  gallons  of  water  a  minute,  a  head  of  20  feet  could  only  be 
obtained  by  means  of  a  sluice-valve  and  throttling. 

Mr.  Briggs's  remarks  on  transmission  (page  233)  only  confirmed 
his  opinion  expressed  on  page  190  as  to  the  variation  in  recorded 
results.     He  quite  agreed  that  steam  velocity  entered  largely  into 
the  design  of  a  condenser,  and  it  was  also  necessary  to  keep  this 
velocity  as  nearly  as  possible  constant  through  the  condenser  from 
the  inlet  to  the  air  suction.     He  noticed  that  Mr,  Briggs  thought 
that  1  to  IJ  per  cent,  of  the  main  steam  consumption  was  too  high 
an  allowance  for  a  Parsons  augmenter.    The  figure  was  quoted  from 
a  Paper  by  the  inventor,  and  he  understood  that  in  most  cases  it  was 
a  fair  one.     But  taking  Mr.  Briggs's  figure  of  0*66  per  cent.,  he 
thought  that  this  compared  very  unfavourably  with  the  rotary  pump, 
for  example.    Turning  to  Fig.  1 2  (page  198),  under  average  conditions 
the  absolute  air-pressure  was  about  0*5  inch  of  mercury  in   the 
air-pump;  it  would  be  seen  that  the  pump  under  this  condition 
removed  40  lb.  of  air  per  hour,  corresponding  to  68,000  lb.  of  steam 
per  hour  {see  foot-note,  page  203).    This  represented  about  5,000  kw. 
The  air-pump  took  34  b.h.p.  (Fig.  12)  and  if  3  b.h.p.  were  allowed  for 
the  extraction  pump,  there  was  a  total  of  30  •  6  kw.  (motor  90  per  cent, 
efficiency)  or  0*61  per  cent,  of  the  main  output,  which  was  less  than 
the  steam  alone  required  with  an  augmenter.     Accepting  for  the 
moment  Mr.  Briggs's  statement  that  the  rotary  pump  took  twice 
the  power  of  the  reciprocating  pump  (which  the  author  did  not 
admit),  the  Edwards  pump  would  require  18*5  b.h.p.,  representing 
0-305  per   cent,    of   the   main   output,  and    adding    this    to    the 
augmenter    (0*66  per  cent.)  we  obtained  0*965    per   cent,  or    58 
per  cent,  more  power  for  the  augmenter  combination. 

With  regard  to  the  relative  horse-power  of  the  two  types,  the 
author  pointed  out  that  he  did  not  make  any  claim  for  the  Mirrlees 
Watson  Leblanc  pump;  his  figures  and  remarks  applied  only  to 
pumps  of  the  British  Westinghouse  design.  Regarding  the  amount 
of  surface  required  with  the  Westinghouse-Leblanc  pumps,  he 
could  assure  Mr.  Briggs  that  his  firm  had  built  a  condenser  to 
deal   with    22   lb.    of   steam   per   square   foot   of    surface   with   a 
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vacuum  of  28*5  inches  and  a  water  temperature  of  60°  F.  He 
had  found,  however,  that  customers  were  nervous  of  installing 
such  a  small  surface  for  land  plants,  and  his  firm  had  recently 
increased  the  size  of  the  plants  in  making  guarantees,  to  be  "  in  the 
fashion,"  difficulty  having  been  experienced  in  convincing  customers 
of  the  absolute  safety  of  small  surfaces  when  properly  designed. 

He  was  pleased  that  Mr.  Briggs  pointed  out  that  Fig.  10  (page 
196)  did  not  represent  the  latest  practice  in  arrangements,  owing  to 
the  seal-tank  being  placed  below  the  floor  level ;  however,  this  tank 
could  usually  be  placed  in  the  foundations  of  the  turbine  or  partially 
under  the  swell  of  the  condenser,  when  space  was  of  importance. 
A  very  small  tank  only  was  necessary,  say  a  capacity  of  35  cubic 
feet.  He  thought  the  question  of  make-up  water  was  greatly 
exaggerated ;  he  did  not  know  of  any  case  where  the  water  could 
not  be  removed  without  the  aid  of  an  additional  pump,  and  he  could 
not  remember  that  his  firm  had  ever  supplied  one.  When  necessary, 
the  Leblanc  pump  could  be  made  to  discharge  against  a  sufficient 
head  to  carry  the  water  out  of  a  basement.  He  agreed  with  Mr. 
Briggs  that  rounded  inlets  to  condenser  ferrules  were  of  importance ; 
the  British  Westinghouse  Co.  had  always  followed  this  principle. 

He  agreed  generally  with  Mr.  Erith's  remarks. 

Mr.  Owen  Price  had  sent  a  very  interesting  communication, 
with  which  the  author  agreed  to  some  extent.  Before  the  Leblanc 
type  of  low-level  jet  plant  was  introduced,  makers  had  found  great 
difficulty  in  obtaining  satisfactory  results  due  to  fluctuations  in  the 
water  discharge,  and  he  (Mr.  Scanes)  had  heard  Mr.  Dexter,  of  Messrs. 
Mirrlees  Watson,  say  something  similar  in  a  Paper  he  had  read 
recently  at  Leeds.  At  the  same  time,  provided  the  pump  was  properly 
designed,  a  large  head  of  water  on  the  inlet  side  was  unnecessary, 
1  foot  only  being  required  above  the  pump.  The  author  could  not 
agree  that  air-bubbles  should  be  helped  to  escape  ;  in  fact,  one  of 
the  great  advantages  of  the  Leblanc  jet  was  the  capacity  for 
removing  air  by  the  water  extraction  impeller,  which  greatly 
assistcid  the  air-pump,  and  reduced  its  size.  This  typo  of  plant  did 
not  sufler  from  cavitation,  and  it  gave  sucli  a  steady  water-level  in 
the  condenser  body  that  it  was  safe  to  allow  the  free  surface  to  be 
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within  6  inches  of  the  float  operating  the  vacuum  breaker.  He 
agreed  that  Mr.  Price's  design  was  a  great  improvement  on  Fig.  20 
(page  209) ;  the  latter  being  very  unsuitable  in  the  author's  opinion, 
principally  owing  to  the  small  bore  of  the  discharge-pipe  and 
consequent  high  water-velocity  into  the  extraction-pump,  which 
would  certainly  be  consequently  adversely  affected  by  air-bubbles. 

The  Leblanc  type  was  nevertheless  better  than  either  Fig.  20 
or  Fig.  35  (page  242),  for  the  reasons  already  given.  Moreover, 
this  design  was  admirably  adapted  for  fluctuating  loads,  as  it  would 
satisfactorily  remove  the  water  even  with  a  vacuum  approaching 
the  theoretical,  for  the  water  temperature. 

The  author  thought  it  a  pity  that  Mr.  Royds  should  have  made 
such  sweeping  remarks  (page  243),  without  first  having  carefully 
read  the  Paper.  Mr.  Royds  objected  to  the  curves  in  Figs.  9,  12, 
13,  14,  17  and  23.  At  the  top  of  Fig.  9  (page  194)  it  was  stated 
that  this  was  copied  from  The  Engineer^  and  the  author  could 
scarcely  be  held  responsible  for  the  absence  of  test-points  in  the 
curves  of  other  makers ;  he,  however,  admitted  it  would  be  better 
practice  if  all  makers  followed  Mr.  Royds's  suggestions,  but  he, 
however,  knew  of  no  recent  Paper  on  Air-Pumps  in  which  it  had 
been  done.  Fig.  12  (page  198)  had  now  the  test-points  inserted, 
and  it  would  be  seen  that  the  draughtsman  had  not  much  scope  for 
his  artistic  abilities.  The  author  could  not  see  that  any  useful 
purpose  would  be  served  by  introducing  the  calculation  points 
in  Figs.  13  and  14,  as  they  necessarily  fell  on  the  curves.  The 
same  remarks  applied  to  Fig.  15  as  to  Fig.  9.  The  writer  did  not 
propose  to  reprint  Fig.  17,  but  he  assured  Mr.  Royds  that  the  curve 
was  no  more  inaccurate  than  Fig.  12.  If  Mr.  Royds  would  refer 
to  page  216,  he  would  see  that  Fig.  23  was  plotted  from  Table  3,  and 
the  plotting  could  be  checked.  Regarding  the  air-nozzle  formula, 
the  author  pointed  out  that  the  method  of  calculation  was  the  same 
as  for  steam  passing  through  a  nozzle,  and  he  referred  Mr.  Royds 
to  Professor  Leblanc's  article  in  Engineering,  28th  August  1903, 
and  to  any  modern  standard  text-book  on  Steam-Engines. 

Mr.  Royds  complained  that  most  of  the  experiments  shown  in 
Fig.  3  (page  184)  were  carried  out  on  small  plants.     The  author  would 
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point  out  that  he  made  the  Bame  remark  on  page  1 90,  and  he  could  not 
undei'stand  why  Mr.  Royds  then  proceeded  to  illustrate  his  remarks 
with  experiments  carried  out  on  a  surface  of  2*5  square  feet. 
Further,  Mr.  Royds's  results  were  misleading  for  illustrating  heat 
transmission,  as  the  apparatus  appeared  to  have  combined  the 
functions  of  a  condenser  and  water-cooler,  the  latter  effect  being 
the  last  thing  condenser-makers  would  desire,  their  principal 
aim.  being  to  keep  the  condensate  at  as  high  a  temperature  as 
possible.  If  Mr.  Royds  turned  to  Table  2  (page  188),  he  would  see, 
moreover,  that  with  a  condensed  steam  temperature  of  132°  F.  a 
transmission  rate  of  720  B.Th.U.  was  obtained,  as  against  a  figure 
between  200  and  400  B.Th.U.  indicated  on  his  curves  for  a  water- 
velocity  of  approximately  5  feet  per  second,  which  was  used  in  the 
East  Indian  condenser.  It  would,  therefore,  appear  that  his  tests 
were  another  example  of  the  misleading  results  of  laboratory 
experiments.  Mr.  Royds's  final  remarks  would  appear  to  be  to  a 
certain  extent  justified,  but  actual  practice  had  proved  that  this 
design  of  bafile  gave  the  best  possible  results  in  operation. 

In  conclusion,  the  author  regretted  that  makers  of  various  types 
of  rotary  air-pumps  had  not  attempted  to  refute  his  claim  that  the 
Westinghouse-Leblanc  air-pump  was  the  best ;  it  would  appear  in 
consequence  that,  referring  to  the  President's  opening  remarks  that 
*'  every  hen  thought  her  own  chick  the  finest,"  he  might  have 
added,  "  and  in  this  instance  with  some  justification." 
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[Selected  for  Puhlication  with  Discission  in  writing. 1 

When  the  Council  of  the  Institution  did  the  author  the  honour  of 
asking  him  to  prepare  a  summary  of  the  experimental  work  which 
had  been  done  on  the  Flow  of  Steam  through  Nozzles,  in  order  to 
determine  the  lines  on  which  further  experimental  investigation 
should  proceed,  he  gladly  complied  with  the  request  and  hoped  at 
an  early  date  to  complete  the  task.  The  scope  of  the  investigation 
however  was  much  wider  than  he  anticipated.  A  careful  study  of 
the  considerable  amount  of  literature  bearing  on  the  subject  made 

*  In  response  to  a  circular  issued  by  the  Council,  asking  for  suggestions 
as  to  subjects  for  Research,  a  large  number  were  received,  and  the  subject  of 
"  The  Action  of  Steam  passing  through  Nozzles  and  Steam-Turbines  "  was 
selected  amongst  others  for  possible  future  Research.  Professor  James  B. 
Henderson  was  invited  to  write  a  preliminary  Paper  upon  the  work  hitherto 
done  in  this  subject,  and  the  present  Paper  is  offered  for  discussion  before  the 
details  for  carrying  out  the  proposed  Research  are  settled. 
[The  I.Mech.E.] 
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him  realize  that  it  was  hopeless  to  attempt  to  correlate  the  various 
experimental  results  which  have  been  published  without  first 
making  further  experiments,  and,  as  is  shown  below,  some  data 
w^hich  are  of  great  importance  in  the  author's  opinion  for  a 
thorough  knowledge  of  the  subject  are  still  altogether  lacking. 


Theory. 

The  ordinary  steam-nozzle  has  a  rounded  mouth  or  entry,  the 
shape  of  this  curve  of  entry  being  chosen  apparently  at  random. 
It  has  a  throat  or  position  of  minimum  diameter,  and  then  expands 
generally  in  conical  form  to  the  exit  orifice.  The  diameter  at  the 
throat  and  the  initial  pressure  determine  the  mass-flow,  and  the 
pressure  at  the  throat  is  roughly  half  the  initial  pressure.  The 
conical  portion  allows  the  steam  to  expand  from  the  throat  pressure 
to  the  pressure  at  the  outlet  orifice  with  corresponding  gain  of 
velocity. 

The  general  theory  assumes:  (1)  that  the  gas  expands 
reversibly  and  adiabatically  in  the  nozzle ;  (2)  that  the  gas  is 
moving  parallel  to  the  axis  at  the  throat  section  ;  (3)  that  the 
pressure  at  all  points  in  the  throat  section  is  the  same;  (4)  that 
there  is  no  friction  anywhere  in  the  nozzle ;  and  (5)  that  there  is 
no  heat  interchange  between  the  nozzle  and  gas.  Condition  No.  1 
really  includes  both  4  and  5,  but  it  is  more  convenient  to  discuss 
the  last  two  separately.  If  the  suffix  „  refers  to  the  initial  state 
and  the  suffix  ^  to  the  state  at  the  throat  section,  the  velocity  at 
the  throat  is  given  by : — 

wliorc  n  is  the  index  of  v  in  tlic  reversible  adiabatic  equation 

J}!)"*  =  constant. 

n 

\  ri  order  that  the  mass-flow  may  be  a  maximum, |?i/p„  =  (  Y 

whence  u^'^  =  jV^«j  ^i"  i^^  terms  of  p^/'j,  i</'^  =  ii/piV^. 
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But  the  velocity  of  sound  in  a  gas  is  \/npv ;  hence  the  velocity 
of  the  gas  at  the  throat  is  the  velocity  of  sound  in  the  gas  at  the 
pressure  and  density  prevailing  at  the  throat. 

The  maximum  flow  is  given  by : — 


n  +  l 
1 


where  a-^  is  the  sectional  area  at  the  throat.  These  are  text-book 
equations  and  require  no  further  comment.  In  the  case  of  gases  n 
is  a  constant,  and  in  the  case  of  superheated  steam  Professor 
Callendar  has  shown  that  n  is  also  a  constant  whose  value  is  1*3, 
but  this  only  applies  to  the  superheated  region.  In  the  saturated 
region  the  theoretical  equation  to  the  adiabatics  is — 


qL 


+  log  ^  =  2^  +  log  e^. 


There  is  no  theoretical  equation  known  for  these  adiabatics  in 
terms  of  p  and  y,  but  Rankine  showed  that  a  first  approximation  is 

given  hj  n  =    -,  and  Zeuner  showed  that  n  =  1*035  -{-O'lq  gives 

a  closer  approximation,  q  being  the  initial  dryness.  Mr.  Frank 
Foster  in  The  Engineer^  10th  April  1903,  gave  a  Table  of  values  of 
w  as  a  function  of  both  the  initial  pressure  and  initial  dryness. 

To  analyse  the  variations  of  the  constant  ?i,  the  author  plotted 
the  logarithmic  homologues  of  the  reversible  adiabatics  of  wet 
steam  for  <j>  =  1*5,  1*6,  1*7,  and   1  •  8,  which  covers  most  of  the 

practical   steam-chart,    and   found   that   lines   having  the  slope   ^ 

represented  the  curves  fairly  well,  but  the  curves  are  very 
apparently  not  straight  lines.  In  order  to  examine  the  deviation 
from  the  straight-line    form  with   satisfactory  accuracy,  Tables  of 

the  remainder  r  =  log  J?  +  q-  log  v  —  c  were  formed,  in  which  c  is 

the  constant  in  the  straight-line  equation.  The  values  of  r  were 
then  plotted  on  a  base  of  log  v,  and  the  resulting  curves  were  found 
to  be  approximately  parabolic  in  form.  From,  the  equations  to 
these  parabolas  the  equations  to  the  adiabatics  were  deduced.  They 
are  of  the  form — 
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1                I     10  1                    (log  V  —  a)-     ,     n 
log  P  +    g^OgV   =    ^     °  _ '-  +  /i 


m 


in  which  a,  /?,  and  m  are  constants.  ^ 

Since  in  practice  only  the  inital  and  final  states  are  of  importance 
and  an  equation  of  the  form  Pit'i"  =  i>2^'2"  would  be  useful  when  no 
steam-chart  is  available,  even  if  n  w^ere  a  function  of  both  pi  and 


Fig.  1. — 6  (p  Diagram  for  Steam. 


I~INE 


^2j  the  above  equation  has  been  transformed,  and  combined  with 
the  equations  to  the  parabolas  it  gives  — 

n  =  1-011  +  0-073  <^  4- logioi^ii^-i  (0*0175  c^  -  0-01G5) 

if  pi  5tnd  P2  are  in  kilograms  per  square  centimetre,  or — 

n=  1-011  -f  0-073  </)(logioi^iP,  -  log  28-44)  (0-0175  </)-0-01G5) 

if  2h  '^^^  P2  ^^®  ^^  pounds  per  square  inch.  The  index  is  thus 
a  function  of  p^,  2^2  '^^^^^  ^^  '^^^  ^^  '^^  questionable  whether  such  a 
complicated  formula  will  have  any  practical  importance.  It  serves 
the  purpose,  however,  of  showing  the  errors  whicli  are  introduced 
by  taking  n  as  a  function  of  the  initial  conditions  alone. 
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Differences  between  the  Practical  and  the  Ideal  Nozzles. 

Efficiency  of  a  Nozzle. — An  ideal  nozzle  would  expand  the  steam 
or  gas  reversibly  and  adiabatically,  so  that  if  A,  Fig.  1,  were  the 
initial  state-point  on  the  entropy-temperature  diagram,  the  state- 
point  after  expansion  would  be  B.  Any  irreversibility  in  the  flow 
due  to  friction  would  cause  the  state-point  after  expansion  to  move 
to  the  right  along  the  constant-pressure  line  p,  to  some  point  say  C. 
A  nozzle  which  would  allow  the  gas  to  pass  molecule  by  molecule 
from  pressure  jp^  to  pressure  ]j  without  gain  of  kinetic  energy  would 
have  zero  efficiency  for  the  purpose  for  which  a  nozzle  is  designed. 
Lord  Kelvin's  porous  plug  constitutes  such  a  nozzle,  and  the  state- 
point  after  passing  through  the  plug  would  be  D,  the  point  of 
intersection  of  the  constant-pressure  line  p  with  the  "  constant  heat " 
line  through  A.  The  state-point  in  practical  nozzles  will  lie  between 
B  and  D,  and  if  no  heat  is  lost  by  conduction  a  natural  scale  of 
efficiency  of  the  nozzle  is  obtained,  if  we  define  the  efficiency  either 

by 


^  ^  <Pc-<pT.  or  by   r]  =  h 


In 


<Pn  —  <pD  111  —  Id 

where  I  is  Mollier's  variable  IE  -\-  pv  =  1,  and  in  steam  is  practically 
the  same  as  the  total  heat.  These  two  definitions  are  identical  if 
the  constant-pressure  line  is  also  a  line  of  constant  temperature,  as 
in  the  saturated  steam  region. 

The  initial  and  final  states  of  the  steam  would  then  serve  to 
determine  the  efficiency  of  the  nozzle.  Unfortunately,  the  heat 
conduction  phenomena  make  such  a  definition  impossible.  The 
steam  loses  heat  to  the  nozzle  near  the  inlet  end,  the  nozzle  loses 
heat  to  the  surroundings  and  may  also  return  some  heat  to  the 
steam  before  it  leaves  the  outlet  end  of  the  nozzle.  Every  one  of 
these  heat  transferences  constitutes  an  irreversible  change  and 
therefore  a  loss  of  efficiency,  and  these  changes  cannot  be  represented 
on  the  0(j>  diagram  of  the  steam  alone.  In  fact  the  loss  of  heat  to 
the  nozzle  will  bring  the  state-point  C  nearer  to  B,  and,  if  the 
above  definition  were  adopted,  one  irreversibility  would  apparently 
compensate  for  another  irreversibility,  instead  of  which  both  must 
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diminish  the  efficiency.  The  efficiency  of  a  nozzle  or  turbine 
therefore  Ctinnot  be  obtiiined  from  the  initial  and  final  conditions 
of  the  steam  unless  it  be  proved  that  no  heat  conduction  tiikes 
place.  Hence  resort  must  be  made  to  experiment  to  determine 
the  efficiency  of  a  nozzle  just  as  with  any  other  heat-engine,  the 
efficiency  of  the  nozzle  being  the  ratio  of  the  actual  kinetic  energy 
of  the  steam  leaving  the  nozzle  to  the  ideal  kinetic  energy. 

Maximum    Mass-Flow   depends   on    the    shape   of    the    Curve   of 
Entry    to    the    Nozzle. — The    maximum     mass-flow    calculated    by 


Fig.  2. — Distribution  of  Condensations  and  Rarefactions  in  a  Parallel  Nozzle. 
The  dotted  lines  show  also  the  average  direction  of  flow. 
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the  general  theory  is  based  on  certain  assumptions,  and  if  these 
assumptions  are  not  approximately  satisfied  by  the  practical 
conditions,  no  surprise  need  be  felt  if  the  actual  flow  deviates 
considerably  from  the  theoretical,  even  if  it  exceeds  the  theoretical. 
It  is  assumed  that  the  pressure  is  uniform  across  the  throat  section, 
and  also  that  the  flow  is  in  parallel  stream-lines  at  the  throat 
section.  If  gas  were  incompressible,  it  might  be  possible  to  get  it 
to  flow  into  a  bell-mouthed  orifice  in  stream-lines  so  as  to  satisfy 
these*assumptions,  but  since  gas  is  compressible,  its  inertia  is  bound 
is  produce  a  condensation  at  the  axis  of  the  nozzle  notir  the  throat, 


Feb.  1913.  FLOW    OF    STEAM   THROUGH   NOZZLES.  259 

say  at  A,  Fig.  2,  and  a  corresponding  rarefaction  on  the  walls  at  the 
A  section,  with  corresponding  inverse  variations  of  velocity  across 
the  section.  This  condensation  at  A  will  give  rise  to  transverse 
oscillations  or  waves  in  the  moving  column,  producing  stationary 
condensations  on  the  walls  at  B,  D,  F,  etc.,  and  on  the  axis  at 
C,  E,  G,  etc.  The  stream-lines  also,  if  any  exist,  will  not  be  parallel 
but  sinuous  as  shown  in  the  drawing. 

The  magnitude  of  these  condensations  and  rarefactions  will 
depend  on  the  shape  of  the  curve  of  entry  to  the  nozzle,  and  the 
shorter  this  curve  is  the  greater  they  will  be.  When  this  curve  has 
zero  length  and  the  nozzle  has  a  sharp  corner  at  the  inlet  end,  it  is 
a  well-known  fact  that  the  maximum  flow  is  considerably  altered, 
and  if  the  nozzle  is  simply  a  hole  in  a  thin  plate,  there  is  no 
maximum  flow,  but  the  flow  increases  with  reduction  of  back- 
pressure asymptotically  towards  a  limit. 

It  is  surprising  that  so  little  attention  has  been  paid  to  the 
curve  of  entry,  since  it  apparently  ought  to  aflfect  not  only  the  mass- 
flow  but  also  the  irreversible  phenomena  throughout  the  nozzle. 

An  unequal  distribution  of  pressure  over  a  cross-section  of  the 
nozzle  involves  an  inverse  unequal  distribution  of  velocity  across  the 
section,  and  since  the  viscosity  of  the  gas  introduces  eddies,  the 
friction  losses  are  likely  to  be  materially  afiected  by  these  transverse 
waves.  Thus  these  waves,  although  in  themselves  not  irreversible, 
ought  materially  to  aflfect  the  irreversible  phenomena  in  the  nozzle. 
It  is  unfortunate  that  the  theoretical  hydrodynamical  problem  of  the 
flow  of  a  gas  through  a  frictionless  nozzle  of  given  form  cannot  be 
solved.  If  this  were  possible  even  for  a  single  particular  form  of 
the  curve  of  entry,  we  should  be  able  to  say  whether  the  mass-flow 
might  exceed  the  maximum  obtained  on  the  assumption  of  uniform 
pressure  over  the  throat  section. 

In  practice  the  curve  of  entry  is  made  very  short,  hence  the 
inertia  oscillations  are  probably  great.  The  position  of  the  first 
condensation  on  the  axis  (A  in  Fig.  2,  page  258)  will  depend  on 
the  shape  of  the  curve  of  entry  and  the  mass-flow  might  be  expected 
to  vary  accordingly. 
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It  is  of  interest  to  examine  theoretically  the  distance  apart  of 
the  condensations  along  the  axis  of  a  parallel  nozzle.  The  theoretical 
velocity  in  the  nozzle,  if  the  stream-lines  are  parallel,  is  equal  to  the 
velocity  of  sound  in  the  gas  at  the  same  pressure  and  density  as 
prevail  at  the  throat,  and  in  practice  the  velocity  will  approximate 
roughly  to  this  value.  Consequently,  while  a  particle  of  gas  moves 
from  A  to  C  in  Fig.  2,  a  sound  wave  has  moved  radially 
outwards  to  the  nozzle  wall  and  back  again  to  the  axis,  that  is,  the 
wave  has  moved  through  twice  the  radius  while  the  gas  has  moved 
through  the  distance  AC ;  and,  since  the  velocity  of  the  gas  is 
approximately  that  of  the  sound  wave,  the  distance  AC  is 
approximately  twice  the  radius  of  the  nozzle. 

Experimental  Evidence  of  Transverse  Waves  in  Nozzles. — All  the 
published  records  of  the  pressure-distribution  along  the  axis  of  a 
nozzle  give  the  pressure  at  a  number  of  points,  and  through  these 
points  the  experimenters  have  drawn  smooth  curves ;  hence  these 
curves  cannot  be  used  as  evidence  for  or  against  the  presence  of 
transverse  waves  in  the  nozzle,  since  it  is  equally  justifiable  to  draw 
a  sinuous  curve  through  the  points.  Inertia  oscillations  have  been 
noticed,  however,  in  the  expanding  portion  of  the  nozzle  and  also 
outside  the  nozzle  in  the  steam-jet,  whenever  a  sudden  jump  of 
pressure  takes  place.  Curves  showing  these  oscillations  are  to  be 
found  in  several  works  on  the  steam-turbine,  for  example,  Stodola 
or  Jude.  In  a  Paper  by  Mr.  T.  B.  Morley  describing  experiments 
on  the  De  Laval  Turbine  in  the  Engineering  Laboratories  of 
Glasgow  University,  published  in  Engineering,  29th  December  1905, 
some  curves  are  given  of  the  distribution  of  pressure  along  the  axis 
of  the  nozzle,  which  seem  to  show  signs  of  sinuosity  even  near  the 
throat,  but  they  have  been  reduced  to  such  a  small  size  for 
publication  that  it  is  impossible  to  plot  the  theoretical  curve  beside 
them.  The  theoretical  curve  of  pressure-distribution  is  so  steep 
near  the  throat  that  variations  of  several  per  cent,  in  tlie  pressures 
only  produce  a  slight  sliearing  of  the  steep  portion  of  the  curve, 
hence  the  importance  of  having  the  theoretical  curve  plotted  beside 
the  experimental  for  purposes  of  comparison. 
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The  most  direct  evidence  is  to  be  found  in  some  experiments  by- 
Sir  Andrew  Noble  made  to  compare  the  erosion  of  different  steels 
by  the  gases  resulting  from  the  explosion  of  cordite  and  other  high 
explosives.  The  cordite  was  exploded  in  a  chamber  from  which  the 
gases  escaped  through  a  short  circular  cylindrical  nozzle.  The  inside 
surface  of  each  nozzle  was  found  to  be  eroded  in  a  series  of  waves. 
The  author  is  indebted  to  Sir  Andrew  for  the  loan  of  these  nozzles 
in  order  to  photograph  them,  and  for  his  kind  permission  to  publish 
two  of  these  photographs,  which  are  shown  in  Figs.  3  and  4,  Plate  6. 
Fig.  3  shows  a  view  looking  through  one  of  the  nozzles  in  the 
direction  of  the  flow,  and  Fig.  4  shows  a  section  of  a  plaster-cast  of 
one  of  the  eroded  nozzles.  The  regular  wavy  surface  is  not  so  clear 
in  Fig.  4  as  in  Fig.  3.  The  original  diameter  of  both  nozzles  was 
about  J  that  of  the  eroded  nozzles,  and  the  bore  was  smooth 
and  circular  with  sharp  corners  at  entry  and  exit,  the  bore  being 
about  5  mm.  Since  we  have  seen  that  the  distance  between  the 
condensations  is  equal  to  the  diameter  of  the  nozzle,  it  is  evident 
that,  as  the  diameter  increases,  the  erosion  waves  produced  by  one 
explosion  will  be  partly  obliterated  by  the  erosion  due  to  succeeding 
explosions ;  hence  the  irregularity  of  the  surface  in  Fig.  4. 

It  would  be  very  interesting  to  see  one  of  these  nozzles  after 
a  single  explosion  of  a  small  charge  of  cordite,  and  still  more 
interesting  if  a  thin  circular  rod  could  be  screwed  into  the  back 
of  the  explosion  vessel  coaxial  with  the  nozzle  and  long  enough  to 
project  through  the  nozzle.  The  wavy  surface  on  the  rod  could  then 
be  compared  with  that  on  the  walls  of  the  nozzle  and  would  clearly 
demonstrate,  by  the  relative  positions  of  the  two  sets  of  waves, 
whether  the  oscillations  are  transverse  or  not.  It  is  difficult  to 
imagine  any  other  cause  to  account  for  the  wavy  surface  than  these 
oscillations  across  the  nozzle,  which  must  be  introduced  by  the 
contraction  of  the  stream  at  entry.  They  must  produce  variation 
of  pressure  and  also  of  temperature,  and  where  the  temperature  is 
highest  there  the  erosion  must  be  greatest. 

Some  experiments  were  made  three  years  ago  in  the  Engineering 
Laboratory   of   the    Royal    Naval   CoUege,    Greenwich,    to   try   to 
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reproduce  these  waves  of  erosion  in  steam-nozzles  lined  with  fusible 
metal,  but  it  was  found  difficult  to  stop  the  flow  at  the  critical 
moment,  and  as  a  rule  the  metal  was  either  untouched  or  almost 
completely  melted.  The  heat  conductivity  was  evidently  too  great 
and  the  differences  of  temperature  too  small  for  success,  without 
some  special  arrangement  for  observing  the  erosion  as  it 
occurred. 

Let  us  now  examine  the  experimental  evidence  to  see  if 
the  actual  mass-flow  does  in  some  cases  exceed  the  theoretical, 
calculated  on  the  assumption  of  uniform  pressure  at  the  throat 
section. 

Professor  Rateau  has  carried  out  a  beautiful  set  of  experiments 
on  the  flow  through  four  nozzles.*  The  measurements  were  all 
made  with  great  accuracy.  The  four  nozzles  are  illustrated  and  the 
results  are  plotted  in  Fig.  5.  The  points  refer  only  to  the 
experiments  in  which  the  back-pressure  was  less  than  0*58  of 
the  initial  pressure,  and  since  in  such  a  case  the  theoretical 
equation  for  the  mass-flow  F  in  terms  of  initial  pressure  p^  is 

^  =  a  -  6  log  p„ 

the  ordinates  are  F/p,,  and  abscissae  log  p„,  and  the  theoretical 
discharge  straight  line  is  drawn  in  the  diagram.  It  will  be  noted 
that  almost  all  the  experimental  points  lie  above  the  theoretical 
line,  indicating  a  flow  greater  than  the  theoretical.  Thus  for 
nozzle  1  the  mean  departure  is  1*17  per  cent.,  for  nozzle  2  it  is 
0'69  per  cent.,  and  for  nozzle  3  it  is  0*25  per  cent. 

No  surprise  would  be  felt  if  the  experimental  flows  wore  1, 
2  or  more  per  cent,  below  the  theoretical  because  of  the  friction  in 
tlie  bell-mouthed  entrance,  but  any  excess  requires  explanation. 
Professor  Ilateau  tries  to  explain  it  away  by  altering  tlie  assumed 
vahie  of  Joule's  equivalent,  by  assuming  tliat  changes  took  place  in 
tin;  zero  of  his  tlierinometers,  etc. ;  l)ut  tlie  maximum  clianges  lie 
{•an  aUow  in  these  factors  only  increase  the  theoretical  flow  about 

*  "  Ratoau  on  the  Flow  of  Steam  "  ;  published  by  Constablo,  London. 
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1  per  cent.  Rateau  is  not  the  only  experimenter,  however,  whose 
results  show  a  flow  greater  than  the  theoretical.  Hirn,  in  his 
experiments  on  the  flow  of  air,  obtained  similar  excesses  in  the 
case  of  back-pressures  being  less  than  0  •  5p„.  The  evidence  seems, 
therefore,  to  throw  suspicion  on  the  ideal  nozzle. 

Further  evidence  should  be  obtainable  from,  experiments  in 
w^iich  the  back-pressure  is  greater  than  0'5Sp,  because  the  inertia 
effects  in  the  radial  direction  should  increase  with  the  velocity,  and 
therefore  with  the  difference  of  pressure  at  the  ends  of  the  nozzle. 
Bateau's  results  for  back-pressures  greater  than  0  •  582^  are  shown 
in  Fig.  6,  in  which  the  ratio  of  the  flow  to  the  maximum  flow  is 
plotted  in  terms  of  the  ratio  of  the  back-pressure  to  the  initial 
pressure.  It  will  be  noted  that  for  the  pressure  ratio  0*95 
the  experimental  curve  is  6  per  cent,  below  the  theoretical,  at 
0*8  it  is  3  •  3  per  cent,  below,  at  0  •  7  it  is  2*6  per  cent,  below,  and 
at  0*58  we  have  seen  that  the  experimental  curve  is  the  higher. 
Yet  the  velocity  and  inertia  effects  have  been  steadily  increasing, 
and  it  is  natural  to  expect  that  the  deviation  should  also  be 
increasing.  The  obvious  explanation  is  that  the  theoretical  curve 
is  at  fault. 

Dr.  Walter  Rosenhain,  in  one  set  of  his  experiments  *  on  the 
flow  through  nozzles,  used  a  nozzle  that  was  made  in  two  parts 
separable  at  the  throat.  The  mass-flow  with  the  conical  diverging 
part  fixed  was  found  to  exceed  the  mass-flow  without  it.  This 
strange  result  cannot  be  explained  on  the  assumption  of  uniform 
pressure  at  the  throat  section.  The  theoretical  mass-flow  for  that 
particular  nozzle,  as  calculated  on  the  general  theory,  is  not  given, 
but  Professor  Rateau  has  shown  that  another  of  Dr.  Rosenhain's 
nozzles  passed  5  per  cent,  more  steam  than  the  general  theory 
allows,  which  Professor  Rateau  ascribes  to  the  uncertainty  in  the 
initial  wetness  of  tlie  steam.  It  seems  a  large  amount  to  be 
accountcid  for  })y  tliat  uncertainty. 

Again  Dr.  ]losenhain  found  tiic  flow  tlirougli  a  liole  in  a  thin 
plate  to  be  only   a])out  G  per   cent,  less  than  the  flow  through  a 


*  rrocoedings  Inst.  G.E.,  lUOO,  vol.  cxl,  page  I'jy. 
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properly-shaped  nozzle  luiving  tlie  s:ur  area  at  the  throat  as  the 
hole,  but  Professor  Rateau  has  since  lown  that  the  flow  through  a 
flat-plate  orifice  depends  upon  the  lMk-{)res.sure,  Fig.  6,  and  may 
be  as  much  as  25  per  cent,  less  tliarthc  flow  through  the  nozzle. 
In  a  flat-plate  orifice  the  difference  o|)ressure  across  the  section  of 
the  nozzle  must  be  a  maximum,  hice  the  divergence  from  the 
general  theory  should  be  a  maximum. 

It  is  quite  possible  that  the  coefcient  of  friction  between  the 
steam  and  the  metjil  walls  of  the  noJe  diminishes  considerably  at 
velocities  approaching  the  velocity  of  tund,  but  even  a  zero  coeflicient 
will  not  account  for  the  discrepancies  Itween  theory  and  experiment. 
Also,  even  if  the  friction  on  the  wal  were  zero  at  these  very  high 
velocities,  the  inertia  oscillations,  »y  introducing  a  diflferential 
velocity  across  every  section,  woukMill  cause  friction  losses,  the 
relative  velocity  of  the  gas  giving  ri>  to  eddies  just  ti^s  it  would  at 
low  velocities. 

Suggestions  for  Furter  Experiments. 

It  is  highly  desirable  that  some  arther  experiments  should  be 
carried  out  on  the  influence  of  the  crve  of  entry  on  the  flow  from 
nozzles  of  equal  diameters.  Comjrative  experiments  would  be 
best,  the  two  nozzles  baing  connecid  each  to  one  of  two  similar 
jet-condensers,  fed  by  water  flowig  through  equal  orifices  from 
the  same  tank.  The  comparison  ould  then  consist  in  reading 
a  diflferential  thermometer  giving  tl  difl:erence  of  the  temperatures 
in  the  condenser  discharges.  An  aterchange  of  steam  or  water 
nozzles  in  the  two  condensers  woii  eliminate  any  inequalities  in 
the  flow  of  water.  One  nozzle  couL  be  kept  of  standard  shape  and 
the  other  varied  according  to  son  definite  plan.  Until  further 
light  is  thrown  on  this  point  no  comparison  is  possible  between  the 
results  obtained  by  difierent  expamenters,  since  some  of  these 
have  simply  calculated  the  mass-flw  from  general  theory.  It  is 
also  desirable  to  determine  wheter  the  length  of  the  parallel^ 
portion  at  the  throat  materially  inliences  the  mass-flow. 

The   mass-flow  is   most   diflicu    to    determine  accui'; 
it   is   unfortunate   that   experimeiers    have   employe 
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measurement  metho  '  ^  h  is  difficult,  instefid  of  the  comparative 
method  which    is   e;  •    comparative    method    might  also  be 

employed  for  compai  •  iiiciencies  of  nozzles  by  measuring  the 

ratio  of,  or  the  diffci  •  tween,  the  reactions  of  the  nozzles  fed 

from  the  same  source. 

For  prjictical  pui  |  m  it  is  not  sufficient  to  determine  the 
efficiency  of  a  nozzle  -i:ny  as  a  transformer  of  heat  energy  into 
kinetic  energy,  l^ecaus-      I   nozzle  has  to  be  utilized  in  connection 

ilesH  the  jet  impinges  on  the  blades 
lo,  a  further  cause  of  inefficiency  may 
examine  the  jet,  therefore,  to  see  that 
•zzle  when  the  supply-pressure  and  the 
-ign,  otherwise  part  of  the  jet  may  not 
strike  the  blades  at  all,  orthe  jet  by  contracting  may  not  fill  the 
blade  space,  thereby  intrtucing  unnecessary'  friction  due  to  the 
unused  portion  of  the  bladct^ngth.  Unless  the  pressure  is  unifoiin 
over  the  outlet  orifice  aiid(pial  to  the  Uick-pressure,  the  jet  will 
not  be  parallel.  Hone*-,  j  the  nozzle  is  verj-  short  as  in  some 
multiple-stagt'  turbines,  tli  inertia  oscillations  cannot  have  died 
out  in  the  short  U'nL'*'  the  jet  will  not  emerge  as  a  parallel 

stream.  It  would  Ih'  .i.^-  ..  ing  to  not4^  the  change  in  the  shape  of 
the  emerging  jet  as  the  jMirli'l  outlet  end  portion  of  the  nozzle  is 
lengtluned  or  shortened,  tin  jUtering  the  relative  positions  of  the 
end  section  and  the  tnin«v«e  waves.     This  may  account  for  the 
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If  the  oscillations  have  died  out  before  the  exit  orifice  is  reached, 
then  one  may  speak  of  the  pressure  and  state  of  the  steam  at  the 
exit  section,  but  unless  the  heat  lost  by  conduction  is  known  the 
theoretical  equation  cannot  be  applied.  In  order  to  get  some  idea 
of  the  magnitude  of  the  heat-conduction  eflfects  in  a  nozzle  of 
De  Laval  pattern,  some  experiments  were  made  in  the  Engineering 
Laboratory  of  the  Royal  Naval  College,  Greenwich,  by  Eng.-Lieuts. 
H.  H.  Carter  and  H.  T.  Evans  in  Session  1909-10. 

The  method  employed  was  to  compare  the  flow  of  heat  carried 
into  a  jet-condenser  by  the  steam  flowing  through  the  nozzle  when 


Experiments  on  Heat  Conduction  through  Nozzles. 


Fig.  7. 
Nozzle  surrounded  by  Exhaust  Steam. 


Fig.  8. 
Nozzle  surrounded  by  Live  Steam. 


the  nozzle  was  surrounded  by  steam  at  condenser  temperature,  with 
that  when  the  nozzle  was  surrounded  by  steam  at  boiler  temperature, 
thus  to  a  certain  extent  reversing  the  heat-conduction  effects.  The 
method  is  not  a  very  accurate  one,  since  the  heat  conducted  is  a 
small  fraction  of  the  total  heat  carried  l)y  tlio  steam  into  the 
condenser. 

Fig.  7  sliows  the  arrangement  of  the  apparatus  with  the  nozzU? 
suiTourided  by  the  exhaust  steam,  and  Kig.  8  shows  it  witli  tlie 
nozzle  surrounded  by  live  st(;am.  It  will  bo  seen  that  the  nozzle  is 
carried  between  a  *'  blank  flange  "  A  and  a  perforated  diaphragm  C. 
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In  Fig.  8  the  diaphragm  is  necessary  to  keep  the  stream-lines  at 
entry  similar  to  those  in  the  Fig.   7  arrangement,  and  in  Fig.   7 


Fig.  9. 
Curves  shoiving  effect  of  Conduction  of  Heat  through  Walls  of  the  Nozzle. 
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the  diaphragm  helps  to  keep  the  steam  which  surrounds  the  nozzle 
more  nearly  saturated,  since  the  steam  on  its  way  to  the  condenser 
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is  considerably  superheated.  (The  reading  of  the  thermometer  T2 
was  from  40^  to  60°  F.  below  that  of  thermometer  T3  in  Fig.  7, 
and  about  20°  below  that  of  thermometer  1\  in  Fig.  8.)  The 
results  of  the  experiments  are  plotted  in  two  curves  in  Fig.  9,  in 
which  the  heat-flow  into  the  condenser  is  given  as  its  equivalent 
in  mass-flow  of  steam.  Since  the  mass-flow  of  steam  must  have  been, 
for  the  same  initial  pressure,  the  same  in  both  cases,  the  difference 
between  the  two  curves  gives  some  idea  of  the  magnitude  of  the 
heat-conduction  effects.  The  nozzle  was  designed  for  an  initial 
pressure  of  200  lb.  per  square  inch  and  a  high  vacuum,  so  that 
the  only  points  of  practical  importance  on  the  curves  are  those  on 
the  ordinate  200  which  occurs  just  at  the  part  of  the  curve  where 
the  experimental  points  are  most  irregular.  The  method  of 
experiment  is  a  rough  one,  but  the  results  show  that  there  is  an 
appreciable  heat-conduction  effect  well  worth  investigating  in  an 
accurate  manner. 

The  conclusions  arrived  at  in  the  Paper  may  be  summarized  as 
follows : — 

(1)  The  generally  accepted  theory  of  the  flow  of  gases  and 
vapours  through  nozzles  is  defective,  in  that  it  makes  no  allowance 
for  the  inertia  and  compressibility  of  these  fluids,  and  the  assumptions 
made  in  that  theory  do  not  seem  to  be  very  completely  realized  in 
practice. 

(2)  No  complete  theoretical  treatment  of  the  problem  of  the 
flow  of  a  frictionless  but  compressible  fluid  is  possible  at  present, 
but  there  is  no  reason  prima  facie  for  assuming  that  the  maximum 
flow  which  such  a  solution  would  allow  would  not  exceed  the 
maximum  as  calculated  by  the  general  theory.  This  is  the 
proVjable  explanation  of  the  experimental  flow  exceeding  the 
theoretical  in  many  cases. 

(3)  The  erosion  of  nozzles  which  occurs  when  gases  resulting 
from  the  explosion  of  cordite  flow  through  them  throws  light  on 
the  influence  of  inertia  and  comprcjssibility  on  the  flow,  thfe 
irr(;gular  wavy  erosion  being  probably  due  to  transverse 
oscillations  in  the  gas. 


Fkh.  1013.  FLOW   OP    STEAM   THROUGH    NOZZLES.  271 

(4)  Experiments  are  described  which  show  that  the  effect  of 
heat  conduction  through  the  nozzle  is  by  no  means  a  negligible 
quantity  when  dealing  with  the  flow  of  steam. 

(5)  Further  experimental  investigation  is  required  on  the 
following  points :  (a)  The  influence  which  the  shape  of  the  curve 
of  entry  exerts  on  the  flow  through  short  nozzles,  {h)  The 
influence  of  the  transverse  oscillations  on  the  shape  of  the  issuing 
jet.  (c)  The  heat  conduction  through  nozzles,  {d)  The  efiiciency 
of  nozzles. 

In  conclusion,  the  author  desires  to  express  his  thanks  to 
Professor  Rateau  for  his  permission  to  publish  Figs.  5  and  6,  and 
to  Sir  Andrew  Noble  for  the  loan  of  the  nozzles  which  he  used  in 
his  cordite  experiments,  and  for  his  kind  permission  to  publish  the 
photographs  on  Plate  6  illustrating  the  erosion  of  these  nozzles. 

The  Paper  is  illustrated  by  Plate  6  and  7  Figs,  in  the 
letterpress. 


Discussion. 

Mr.  J.  H.  CoRTHESY  wrote  that  he  did  not  think  he  could 
add  anything  to  the  present  knowledge  as  far  as  the  nozzles 
themselves  were  concerned,  but  he  might  be  able  later  to 
communicate  results  from  experiments  with  his  bladeless  turbine- 
rotor,  which  acted  absolutely  as  an  expanding  nozzle,  receiving 
steam  in  a  state  of  velocity  from  stationary  nozzles. 

Mr.  W.  K.  L.  Dickson  wrote  that,  in  the  course  of  his  work  in 
connection  with  a  bladeless  reversible  turbine  invented  by  Mr. 
J.  H.  Corthesy  (named  above),  he  had  obtained  indications  of  effects 
which  appeared  to  be  quite  novel,  inasmuch  as  he  had  been  unable 
to  trace  any  published  data  bearing  on  the  case.     The  fundamental 
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(Mr.  W.  K.  L.  Dickson.) 

idea  of  this  invention  was  to  have  the  stater  representing  the 
converging  part  of  the  nozzle  and  the  rotor  fulfilling  the  role  of  the 
diverging  part  thereof ;  that  is  to  say,  pressure  was  transformed 
into  velocity  by  a  converging  nozzle,  and  the  flow  entered  tangentially 
into  the  rotor  continuously  and  in  the  direction  of  rotation  with 
due  provision  made  for  expansion  in  the  rotor. 

To  judge  from  the  numerous  experiments  carried  out,  he  was 
inclined  to  beheve  that,  for  a  given  weight  of  steam,  the  length  of 
nozzle  and  angle  of  the  cone  exercise  a  very  important  influence  on 
the  quality  of  the  flow,  that  is  to  say,  the  rotor  power  for  a  given 
weight  of  steam  varied  according  to  the  length  of  the  stator- 
nozzle  as  well  as  according  to  the  angle  of  the  cone  of  the  stator- 
nozzle.  Although  the  writer's  work  had  not  progressed  far 
enough  to  enable  him  to  come  to  a  definite  conclusion,  he  was 
hopeful  that  the  Dickson  Corthesy  Turbine  would  produce  effects 
which  (as  regards  steam-flow  through  nozzles  and  economical  power 
generation)  would  be  as  important  as  they  were  novel  to  Engineering 
Science. 

Sir  George  Greenhill  wrote  that  he  supposed  Professor 
Henderson  was  searching  for  the  extension  of  the  Helmholtz  theory 
for  uniplane  motion  from  a  rectilinear  slit,*  to  a  jet  issuing  from 
a  round  hole,  symmetrical  about  an  axis.  The  solution  of  such  an 
abstract  problem  was  a  desideratum  in  theoretical  hydrodynamics, 
but  so  far  as  the  writer  was  aware,  no  one  had  surmounted  the 
analytical  difficulty. 

Dr.  John  H.  Grindley  wrote  that,  of  the  conclusions  given  in 
the  Paper,  the  one  referring  to  the  heat  conduction  through  the 
nozzle  had  appeared  to  the  writer  to  be  a  fundamental  one,  so  far  as 
it  governed  the  application  of  theoretical  principles  to  the  design 
of  steam-turbine  nozzles  of  the  De  Laval  type.  Some  experiments 
made   by  the  writer  about   fourteen  years  ago|  showed  that  the 

*  See    Report    19,    on    "  Stream-Lino    Theory,"    of    tbo    Aeronautical 
Committee,  published  by  H.M.  Stationery  Onico  and  Messrs.  Wymans. 
t  rroceedings,  lloyal  Society,  lUOO,  vol.  GG,  page  79. 
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adiabatic  law  had  no  relationship  to  the  actual  law  of  expansion 
when  steam  flowed  through  an  orifice  in  a  thin  brass  plate,  but 
that  the  adiabatic  law  held  when  the  orifice  was  drilled  in  a  glass 
plate.  The  same  kind  of  thing  was  show^n  by  the  experiments 
of  Batho  *  on  two  orifices,  one  of  brass  and  one  of  porcelain. 
The  fall  of  temperature  in  the  steam  along  the  axis  of  the  porcelain 
nozzle  was  quite  different  to  that  given  by  the  brass  nozzle. 
The  experiments  wdth  the  brass  nozzle  showed  that  there  was  an 
actual  definite  transfer  of  heat  to  the  nozzle  at  the  high-pressure 
end,  part  of  which  heat  travelled  along  the  nozzle  and  was  given 
back  to  the  steam  before  its  exit  from  the  nozzle. 

This  heat  conduction  complicated  the  problem  very  much,  for, 
since  the  dryness  of  the  steam  at  any  point  of  the  expansion  was 
an  unknown  quantity,  no  possible  calculation  of  the  velocity  of  the 
issuing  steam  or  of  the  efficiency  of  the  nozzle  was  of  real  value. 
If  experiments  on  two  orifices  similar  to  those  used  by  Batho  had 
been  made  with,  say,  superheated  steam,  and  both  the  pressure 
and  temperature  variation  along  the  axis  had  been  determined 
experimentally,  the  comparison  thus  afforded  would  have  given 
some  knowledge  of  the  magnitude  of  these  heat  interchanges  which 
were  naturally  of  a  complex  nature  in  actual  orifices. 

There  was  also  good  experimental  evidence  to  show  that  the 
infiuence  of  the  shape  of  the  curve  of  entry  was  of  importance  in 
determining  the  mass-flow  and  condition  of  the  steam  at  the  throat. 
A  determination  of  the  correct  shape  of  this  curve  might  also  solve 
the  difficulty  mentioned  by  Professor  Henderson  of  avoiding  the 
irregular  wave  motion  due  to  transverse  oscillations  in  the  steam, 
which  might  effect  the  shape  or  parallelism  of  the  issuing  jet. 

Since,  however,  the  practical  problem  was  concerned  with  the 
issuing  jet,  a  combination  of  {a)  the  comparative  experiments  on 
mass-flow  proposed  by  Professor  Henderson,  which  by  themselves 
would  give  mass-flow  without  information  as  to  the  quality  of  the 
steam  at  any  point,  and  (h)  temperature  determinations  near  the  exit, 
which  would  show  the  pressure  at  exit,  would  probably  be  found  a 

*  Proceedings,  Inst.  C.E.  1907-8,  vol.  clxxiv,  page  317. 
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very  useful  one  from  which  to  determine  nozzle  efficiency.  The 
comparative  experiments  described  should  not  be  difficult,  and  the 
method  of  determining  the  pressure  by  finding  the  corresponding 
steam  temperature  by  means  of  thermo- junctions  had  been  proved 
experimentally  successful. 

The  need  for  research  on  this  subject  of  De  Laval  nozzles  had 
long  been  evident,  and  he  welcomed  Professor  Henderson's  Paper 
as  show^ing  some  of  the  ways  in  which  the  result  of  such  research 
would  be  of  immediate  service. 

Mr.  J.  H.  Hudson  quoted  several  statements  in  the  Paper,  and 
had  the  following  remarks  to  make  thereon  : — 

(I.)  That  all  published  experimental  work  might  be  co-ordinated 
and  brought  into  line  with  theory  as  it  existed  to-day  (page  253, 
line  2). 

(II.)  That  in  Papers  by  Stodola,  Lorenz,  Hirsch,  Prandtl,  Proell, 
Meyer,  and  others  was  to  be  found  a  theory  of  flowing  gases  (3)  * 
giving  the  form  of  the  stream-lines  in  the  case  of  a  two-dimensional 
frictionless  flow  (1),  determining  how  far  the  assumption  of  uniform 
pressure  over  a  cross-section  was  correct  (2),  and  taking  into  account 
the  eflfect,  in  De  Laval  nozzles,  of  the  internal  friction  of  the 
stream  (4). 

(III.)  That,  by  modifying  the  general  equations  referred  to  on 
page  254  so  as  to  include  the  efiect  of  internal  friction  (5),  the 
discrepancies  between  theory  and  practice  in  the  matter  of  mass- 
flow  might  be  to  a  great  extent  satisfactorily  explained. 

(IV.)  That  the  efficiency  of  a  nozzle  for  gases  and  superheated 
steam  (page  258,  line  1)  was  clearly  given  by  the  expression! : — 

Ia  -  lo 
^  =  I.-Ih 

where  I^  is  the  thermodynamic  potential  in  the  initial  state  of  the 
gas,  Ic  its  thermodynamic  potential  after  expanding  through  the 
nozzle  to  tlio  final  pressure  considered,  and  I^  the  thermodynamic 


♦  The  Nos.  in  brackets  refer  to  the  Bibliography  (pages  282-4). 
t  I,  of  course,  is  Mollicr's  variable:  (u  +  pv). 
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potential  the  gas  would  have  possessed  after  expanding  isentropically 
from  its  initial  state  to  a  state  determined,  on  the  one  hand,  by  the 
final  pressure  considered,  and  on  the  other,  by  the  condition  of  an 
invariable  entropy. 

(Y.)  (Pages  258  and  259)  That  a  complete  solution  (6)  of  the 
hydrodynamical  problem  of  the  frictionless  flow,  in  two  dimensions, 
of  an  elastic  fluid  (one  corresponding  to  a  saturated  vapour,  at  least) 
had  been  obtained,  that  this  flow  in  general  did  not  give  rise  to 
periodical  pressure  variations,  that  the  theory  of  these  last  (7)  had 
been  worked  out  (8)  and  compared  with  practice  (9),  and  that  these 
variations  were  shown  to  depend  in  the  main  on  a  set  of  conditions 
(10)  having  no  reference  to  the  curve  of  entry,  and  moreover  that 
they  only  occurred  in  general  after  the  throat  of  the  nozzle  had 
been  passed  (11). 

(VI.)  (Page  259,  par.  3)  That  it  had  been  shown  further  that  the 
exact  shape  of  the  curve  of  entry  had  no  particular  importance  (12) 
within  limits  that,  it  was  true,  had  not  yet  been  obtained  (12). 
That  it  was  advisable  nevertheless  to  make  it  short  (13),  to  make 
its  entrance  to  the  throat  tangential,  and  to  give  this  last  an  infinite 
radius  of  curvature  (14).  Photographs  had  been  taken  (15)  and 
exact  determinations  of  the  stream  lines,  curves  of  constant  velocity, 
and  so  forth  l(16),  in  the  neighbourhood  of  the  throat,  carried 
through,  at  least  in  the  case  of  certain  particular  nozzle-forms  (17). 
(VII.)  (Page  259,  line  25)  A  general  solution  of  the  flow  of  gases 
(18)  had  been  given,  and  had  been  applied  to  the  particular  case  of 
nozzles  with  hyperbolic  walls  (19).  Exact  particular  solutions  had 
been  obtained  for  a  flow  in  the  throat  of  a  nozzle  in  which  the 
acceleration  of  the  stream  in  the  axial  direction  was  uniform  (20). 

(VIII.)  The  wave-length  of  the  pressure  variation  (page  260, 
line  11),  when  it  existed  in  a  nozzle,  depended  on  factors  of  various 
kinds  (21).  In  parallel  streams  where  the  variation  had  a  small 
amplitude,  it  had  been  shown  from  theoretical  considerations  (22) 
confirmed  in  practice  (23)  that  the  wave-length,  in  rectangular 
nozzles  one  of  whose  dimensions  was  constant,  was  (23) : — 
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and  in  circular  nozzles,  was  (24)  : — 


\/  a? 


1-307C?.  r''- 1. 


In  these  two  formulae,  d  is  the  thickness  or  the  diameter  of  the 

w 
stream,  and  —  the  ratio  of  the  velocity  of  the  stream  to  that  of 

sound. 

It  might  be  noted  that  if  the  velocity  of  the  stream  was  equal 
approximately  to  the  velocity  of  sound,  the  wave-length  of  the 
pressure  variation  was  zero. 

(IX.)  (Page  260,  line  13)  That  in  the  most  important  experiments 
on  the  axial  pressure  distribution  in  a  nozzle :  namely,  Stodola's 
(25),  the  pressures  were  determinable  at  each  point  of  the  axis,  and 
that  curves  drawn  through  the  points  set  down  on  the  chart 
represented  exactly  the  actual  pressure  variation  both  in  those  cases 
where  this  variation  was  periodic  (26)  and  in  those  where  it  was 
not  (27). 

(X.)  That  oscillations  (page  260,  line  20)  were  noticed  only 
sometimes  when  a  sudden  jump  in  the  pressure  took  place  (28), 
that  most  often  the  jump  took  place  without  any  oscillation  at 
all  (29).  That  it  might  be  determined  from  theoretical  considerations 
what  exactly  were  the  conditions  (30)  under  which  either  of  these 
events  occurred.  That  photographs  (31)  had  been  taken  of  the 
pressure  oscillations  showing  precisely  what  they  were. 

(XI.)  That  Rosenhain's  result  (page  264,  line  24)  was  to  be 
explained  quite  satisfactorily,  on  the  one  hand,  by  ordinary  theory, 
and  on  the  other,  by  considerations  of  the  internal  friction  in  the 
stream  (32)  ;  and  that  without  the  "  assumption "  of  uniform 
pressure — an  assumption  corresponding  exactly  with  facts — a 
symbolical  treatment  would  hardly  be  possible  at  all. 

(XII.)  (Page  267,  line  18)  That  the  presence  of  oscillations  in  a 
nozzle  (short  or  long)  could  be  entirely  avoided,  provided  the  nozzle 
was  not  extremely  badly  designed,  by  adjusting  exactly  the  pressure 
(33)  into  wliicli  it  exhausted  ;  tlio  parallelism  or  otherwise  of  tlie 
stream  then  depended  upon  the  design  of  the  nozzle  (34). 
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(XIII.)  That  the  "  coefficient  of  friction "  between  a  fluid 
(particularly  an  elastic  fluid)  and  a  metal  was  a  term  without  any 
definite  meaning  at  all.  No  valid  inferences,  therefore,  could  be 
drawn  from  its  consideration  in  connection  with  steam-flow. 

The  waiter  (Mr.  Hudson)  compared  these  thirteen  statements 
with  corresponding  quotations  from  the  Paper,  and  pointed  out 
that  they  were  not  in  accord.  In  connection  with  those  pages  of 
the  Paper  which  dealt  with  the  properties  of  steam,  he  mentioned 
by  contrast  the  great  mass  of  nomographic  work  (40)  of  Mollier, 
Banki,  d'Ocagne,  Fanno,  Holborn  and  Henning,  Knoblauch,  Proell, 
Jakob,  Davis,  Thomas,  and  others,  and  noted  that  in  the  Paper  no 
attention  had  been  paid  to  the  results  obtained  by  these  authors. 

As  had  been  shown  above,  one  need  not  concern  oneself  with 
those  parts  of  the  Paper  under  discussion  which  dealt  with  the 
limitations  of  modern  theory,  the  formation  of  pressure-waves  in  a 
nozzle,  and  the  efficiency  of  a  nozzle  regarded  as  a  thermodynamic 
machine. 

The  review  of  the  experimental  work,  however,  that  the  Paper 
contained,  called  for  no  particularly  adverse  criticism,  for  it  devoted 
itself  in  the  main  to  summarizing  certain  of  Hirn's,  Rateau's,  and 
Rosenhain's  experiments,  and  to  stating  the  well-known  result  that 
the  maximum  mass-flow  through  nozzles  used  in  practice  was  some 
2  per  cent,  in  excess  of  that  indicated  by  Zeuner's  or  de  St.-Yenant's 
theory.  It  might  suffice,  in  reference  to  this  part  of  the  Paper,  to 
point  out  its  great  incompleteness  (41),  and  to  remark  that  the 
inferences  drawn  in  the  course  of  it  came  among  the  statements 
upon  which,  in  this  written  discussion,  judgment  had  already  been 
passed.  An  exception  to  this,  however,  was  found  in  the  description 
of  an  experiment  which  was  supposed  to  show  the  efiect  of  heat 
conduction  between  the  nozzle-wall  and  the  mass  of  the  stream  as  a 
factor  increasing  the  maximum  flow.  This  experiment,  if  accurate, 
was  highly  interesting,  in  that  it  definitely  established  the  fact  that 
the  flow  through  a  nozzle,  when  it  was  hot,  was  some  2  per  cent,  to 
6  per  cent,  greater  than  the  corresponding  flow  when  the  nozzle 
was  cold.  It  was  not  shown,  however,  that  this  experiment  had 
any  direct  bearing  on  the  determination  of  effects  of  heat-flow. 
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The  writer  then  dealt  with  the  summary  of  results  with  which 
the  Paper  ended  (pages  270-1) : — 

The  first  four  might  (in  the  writer's  opinion)  be  dismissed  at 
once  as  wholly  erroneous.  Sufficient  indeed  had  already  been  said 
to  make  it  clear  that  the  present-day  theory  of  this  stream  did 
allow,  inter  alia  (35),  for  inertia  and  compressibility,  and  that  what 
assumptions  it  made  were,  to  a  close  degree  of  approximation  (36) 
realized  in  actual  practice.  It  might  again  be  pointed  out  in  this 
connexion  that  the  problem  of  the  frictionless  flow  of  an  elastic 
fluid  (37)  in  two  dimensions  had  been  solved  ;  and  that  the  solution 
of  it  as  applied  to  nozzles  contained  nothing  whatever  to  indicate 
the  necessity  for  a  change  in  the  older  or  Zeuner  expressions  for 
maximum  flow  (38). 

It  had  already  been  noted  that  the  experiments  described  in  the 
Paper  under  discussion  gave  no  information  definitely  dealing  with 
the  efi*ects  of  heat-flow.  With  regard  to  the  erosion  of  nozzles, 
however,  it  might  be  said :  (i)  that  the  phenomena  in  question 
were  complicated  to  the  point  of  a  total  lack  of  perspicacity,  and  (ii) 
that  the  conditions  obtaining  in  a  partially  eroded  nozzle  were  so  very 
difi'erent  from  those  to  be  found  in  the  nozzle  of  a  modern  turbine, 
that  no  useful  comparison  between  the  two  could  be  made. 

Conclusion  5  (page  271)  would  be  dealt  with  sufficiently,  when  it 
was  stated  that  the  theory  of  nozzles  might  be  very  nearly  completed 
without  the  help  of  experiments  such  as  were  here  outlined.  In 
particular  the  experiments  foreshadowed  in  conclusions  5a  and  56 
(page  271)  would  be  quite  superfluous  as  far  as  anything  to  be  met 
with  in  practical  engineering  was  concerned  (38).  The  experiments 
described  in  conclusions  5c  and  5d,  on  the  other  hand,  while 
leading  to  useful  practical  knowledge,  could  be  devised  to  confirm 
also  certain  predictions  on  the  subject  of  heat-conduction  and 
efficiency  that  could  be  made  from  modern  theory. 

A  list  of  references  was  appended,  designated  by  numbers  in  the 
course  of  the  considerations  I-XIII,  and  an  alphabetical  index  of 
authorities  quoted  in  support  of  the  views  that  those  considerations 
expressed. 
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Note  on  Mass-flow* — If  G  is  the  maximum  flow  through  a  given 
nozzle  as  calculated  on  the  Zeuner  theory,  we  have  from  the 
equation  of  continuity 

G  =  -^  .         .         .         .     (1) 

s 

where  a  =  ^ygypv  is  the  velocity  of  sound,  v^  the  specific  volume  of 
the  fluid  where  this  sound- velocity  sets  in,  and  '¥^^^  the  minimum 
cross-section  of  the  nozzle.  Now  it  might  easily  be  shown  (5)  that, 
if  the  internal  friction  of  the  fluid  were  taken  into  account,  the 
sound- velocity  occurred,  not  at  the  minimum  cross-section,  but  at  a 
slightly  larger  cross-section  F^,  given  by  the  relation  (32) 

¥-dx  =  y^      '      •      •      •   ^^^ 

^  is  a  function  of  the  cross-section,  determining  the  work  dR  done 
against  frictional  forces  in  the  fluid  over  each  element  of  path  8a; 
that   the   fluid   flows   down   the   nozzle-length,  according    to    the 

^1""*'°'^  ^R  =  |^J,        .  .  .  .      (3) 

It  might  also  be  shown  (32)  that  when  the  velocity  of  the 
stream  did  become  equal  to  the  velocity  of  sound  in  it,  it  did  so 
only  at  a  specific  volume  such  that  the  relation 

a2  =  ygpv,  =  ,^^:^  a,-"  =  ^^^  gyp.v,        .  .     (4) 

where  PiV^a^  referred  to  the  initial  state,  always  held. 

If  therefore  G^  is  the  quantity  of  fluid  actually  flowing  per 
second  through  any  given  nozzle,  we  may  write  for  it 

G>  =  ^"  ....     (5) 

and  here,  in  favourable  cases,  a  and  v,  have  the  same  values  as 
those  given  in  equation  (1). 

If  Al  is  the  distance  apart  of  F^  and  F^ji^,  we  have  clearly  to 
first  orders  cZF     ,  ,^. 


*  Extract  from  Paper, "  Flow  of  Steam  through  Nozzles,"  by  J.  H.  Hudson. 
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and  therefore  to  the  same  degree  of  accuracy  from  (2) 

F^  =  F^iu  (1  +  y^AZ)  .  .  .     (7) 

Hence  dividing  (5)  by  (1),  and  inserting  for  F^  the  value  found  in 
(7)  we  have,  as  relation  connecting  G  with  G^ 

Gi  =  (1  +  y^Al)  G  ...     (8) 

The  factor  in  brackets  is  clearly  greater  than  unity,  and  this  is 
in  accordance  with  experimental  results. 

A  numerical  evaluation  of  the  above  factor  would  have  to  be 
rather  rough,  and  it  need  not  be  gone  into  here.  It  would  be 
sufficient  to  note  here  that  the  Rosenhain  experiment  described 
by  Professor  Henderson  on  page  264  of  his  Paper  might  be 
explained  in  an  analogous  way. 

If  we  consider  a  nozzle  exhausting  with  sound-velocity  into  a 
suitably  adjusted  pressure,  we  shall  have  as  the  mass-flow 

G  =  Fap, 

where  p  is  the  density  in  the  exit  space,  and  F  the  cross-section  of 
the  nozzle   at   its  exit.      This   cross-section,  as   has   been   shown, 

satisfies  the  relation  ,        ,„ 

1       dF 

f  '  d^  =  y^' 

If  now  we  considered  the  nozzle  cut  off  at  some  cross-section 
equal  to  F,  where  this  relation  between  F  and  ^  did  not  hold,  it 
was  clear  that  though  the  pressure  in  the  exit-space  was  the  same 
as  before,  the  velocity  could  not  reach  that  of  sound.  The  stream 
clearly  was  accompanied  by  a  resistance  greater  than  in  the  case 
of  the  complete  nozzle,  and  therefore  the  volume  of  unit-mass  at 
the  exit-pressure  would  be  greater  than  in  the  case  of  the  complete 
nozzle.     The  mass-flow  _, 

--v'  =  ^ 

would   therefore   be,  on    both    counts,  less.      This   was   what   was 
found  in  the  Rosenhain  experiment. 

It  was  obvious  from  the  relations  that  had  been  deduced,  that, 
in  llosenhain's  nozzle,  the  flow  without  the  cone  might  be  expected 
to  be  less  than   the  flow  ivith  the   cone,  by  a  quantity  of  the  same 
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order  as  the  excess  of  the  flow  with  the  cone  over  the  flow  deduced 
from  Zeuner's  theory. 

Bendemann,  in  "  Mitteilungen  iiber  Forschungsarbeiten,"  Heft 
37,  gave  (Fig.  11)  some  curves,  which  over  a  certain  pressure- 
range  seemed  to  be  in  close  agreement  with  this  result. 
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284  FLOW   OF   STEAM   THROUGH    NOZZLES.  Feb.  1913. 

(Mr.  J.  11.  Hudson.) 

37.  Sec  reference  7. 

38.  Stodola.  See  reference  36. 

39.  Meyer.  Mitt,  iiber  Forsch.,  Heft  62,  pp.  32  to  67. 

r  Die  Dampfturbinen,  IV.  Auf .,  will  be  found 
Stodola.         I       a  comparison  of  the  results  taken  from 
y       the  following  sources  : — 

"^  jTko^^^  ^\  ^'**-  ^^^"^  I^orsch.     Heften  35  and  36. 

Thomas.  Trans.  Am.  Soc.  Eng. 

Davis.  Proc.  Amer.  Acad,  of  Arts,  1910. 

-TT       *  t  Annalen  der  Physik.,  1905. 

Hexning.    3 

Proell.  Zeit.  des  Yer.  deutscher  Ing.,  1904,  p.  1418. 

-p,  C  Zeit.  fiir  das  gesamte  Turbinenwesen,  1904, 

^^'''^^-  \       p.  53. 

41.  Cf.  with— 

Bexdemanx.        Mitt,  iiber  Forschungsarbeiten,  Heft  37. 

Fritzsche.  Mitt,  iiber  Forschungsarbeiten,  Heft  60. 

Mr.  Alexander  Jude  wrote  that  at  present  he  was  inclined  to 
the  opinion  that  too  miuch  stress  was  laid  on  the  importance  of 
the  straight-axis  nozzle  of  the  convergent  or  convergo-divergent 
type,  particularly  of  circular  cross-section.  In  no  case  could  it  be 
applied  unspoiled  owing  to  the  necessary  bevelling  of  the  mouth, 
and  the  circular-section  nozzle  was  conceivably  not  the  best  to 
associate  with  blade  passages  of  approximately  rectangular  cross- 
section,  for  reasons  having  little  to  do  with  the  nozzle  efficiency. 
A  nozzle  of  maximum  efficiency  was  required  as  an  instrument  for 
calibrating  the  numerous  forms  of  nozzle  more  or  less  curved  and 
irregular  in  section  demanded  by  the  inherent  peculiarities  in 
turbine  designs.  For  this  standard  or  datum  nozzle  the  convergent 
form  appeared  fully  suitable. 

It  was  accepted  that  a  convergent  nozzle  with  a  convex  contour, 
similar  to  those  used  by  Professor  Rateau,  had  an  efficiency  of 
discharge  {ii)proximating  unity,  and  it  therefore  remained  only  to 
decide  whether  its  discharge  was  really  the  small  percentage  above 
that  demanded  by  a  correct  current  theoiy  or  whether  that  theory 
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was  wrong.  Had  the  discharge  coefficient  come  out  invariably  less 
than  unity,  the  natural  and  ready  belief  would  have  been  that  the 
theory  was  right  and  the  nozzle  deficient,  like  most  other  things ; 
and  the  results  would  have  been  accepted.  The  writer  was  more 
inclined  to  believe  that  the  theory  as  applied  to  steam  or  to  a 
homogeneous  wet  mixture  was  correct  well  within  the  limits  of 
discrepancy  noted  in  the  Rateau  experiments,  and  that  this 
discrepancy  arose  from  the  apparent  fact  that  during  expansion  in 
the  nozzle  the  moisture  produced  was  not  uniformly  distributed, 
but  segregated  in  unstable  strings  ;  at  any  rate,  the  appearance  of 
the  jet  conveyed  this  impression.  It  did  not  require  a  very 
imaginative  theory  for  the  discharge  to  be  increased  thereby.  The 
greater  the  velocity  the  more  stringy  the  stream. 

The  consideration  of  the  Rateau  discrepancy  of  roughly  1  per 
cent,  or  less  might  be  pursued  further,  but  the  writer  felt  that  for 
the  present  it  might  be  left  where  it  was,  and  let  research 
proceed  to  something  more  useful.  Moreover,  practice  was  hardly 
concerned  with  1  per  cent,  or  less  in  this  connexion,  as  working 
conditions  for  any  turbine  varied  vastly  more,  and  in  design  an 
ample  margin  had  always  to  be  allowed  for  contingencies.  Using 
then  the  best  Rateau  nozzle,  or  one  very  much  like  it,  as  a  datum, 
research  could  at  once  be  directed  to  the  discharge  coefficients  of 
nozzles  of  practical  forms  by  a  comparative  method.  There  might 
be  several  methods  of  this  kind,  but  the  writer  believed  the  simplest 
and  most  accurate  was  one  he  himself  had  used  on  a  small  scale, 
and  described  in  the  second  edition  of  his  "  Theory  of  the  Steam- 
Turbine."  Essentially  the  apparatus  consisted  of  two  chambers  in 
series  with  the  test  nozzle  between  them,  and  the  standard  nozzle 
between  the  second  chamber  and  the  atmosphere  or  a  final  pressure 
chamber.  The  coefficient  of  discharge  was  derived  from  the 
pressure  heads  on  the  two  nozzles  at  the  same  moment  and  not  on 
different  occasions.  A  hundred  points  could  be  observed  very 
rapidly  in  any  single  test  which,  when  plotted,  could  not  fail  to  give 
an  accurate  curve.  The  writer  was  strongly  in  favour  of  air  being 
used  as  the  experimental  fluid  instead  of  steam,  for  reasons  which 
were  very  obvious. 
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The  efficiency  of  a  nozzle,  in  regard  to  the  useful  kinetic  energy 
of  the  jet,  was  another  matter,  and  unfortunately  had  to  be  found 
by  another  experiment.     For  convergent  nozzles  with  very  small 
ratios  of  expansion,  the  reaction  method  would  be  best,  because 
such  nozzles  were  principally  used  in  reaction  turbines  ;  but  with 
the  larger  ratios  of  expansion,  both  for  convergent  and  convergo- 
divergent  nozzles,  an  impulse  method  w^ould  seem  to  be  best,  because 
this    condition    applied    more    particularly   to    impulse   turbines. 
Unfortunately  the  accurate  measurement  of  the  impulse  of  a  jet 
(using  the  term  "  impulse  "  in  its  current  sense)  was  an  extremely 
difficult  matter, 'because  the  efficiency  of  the  recipient  of  the  impulse 
had  to  be  considered,  and  this  depended  on  the  shape  and  velocity 
of  the  jet  and  many  other  things,  so  much   so  that  the  resultant 
splashing  and  spilling  upset  all  pretence  to  great  accuracy.     For 
small   velocities    the   flat   plate,l  or    "infinite   plane,"    was   fairly 
satisfactory,  but    for    high  velocities   splashing   appeared  to  occur 
to  a  serious   extent.      For   circular   jets  a  plane  with  a  pinnacle 
distributor  was  perhaps  better  than  a  simple  plane,  but  neither 
appeared  to  be  applicable  satisfactorily  to  the  askew  nozzles,  single 
and  multiple,  which  were  the  most  important  subjects  of  inquiry.    All 
blade  devices  akin  to  turbine  blades  might  be  ruled  out,  so  that  the 
reaction  method  alone  remained.     The  chief  objection  to  it,  apart 
from  ordinary  mechanical  difficulties,  was  that  a  jet  giving  a  high 
reaction  efficiency  might  not  be  correspondingly  efficient  for  impulse 
applications,  owing,  for  instance,  to  a  large  spreading  or  divergence 
of  the  stream  lines.     However,  with  such  nozzles  as  must  obtain 
in  practice,  it  was  probable  that  this  discrepancy  was  negligible, 
particularly  with  multiple  nozzles. 

The  following  was  an  outline  descriptive  list  of  the  experiments 
that  might  be  made  under  the  present  research,  such  experiments 
being  of  serviceable  interest  to  practically  all  turbine  builders. 
It  was  suggested  that  the  research  should  be  made,  not  only  with 
constructions  embodying  definite  elementary  variations,  but  with 
a  sp(!(;iMl  view  to  tli(;ir  practicability.  It  did  not  follow  that  tlio 
test  nozzle  Kpccimens  need  be  made  exactly  in  the  way  the  nozzles 
would  be  made  in  the  factory,  so  long  as  they  represented  them 
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in  form      For  instance,  if  tests  were  made  with  air,  soldered  joints 
might  be  used. 

Series  1. — Curved  convergent  Nozzles  of  elementary  form  adapted 
for  use  in  31ulti_ple. — The  wall,  in  plan  in  Fig.  10,  would  have 
uniform  curvature  from  a  to  h,  there  being  no  object  in  varying 
the  curvature.  Any  extension,  however  small,  from  6  to  c  might 
be  called  a  "  tail."  The  point  h  might  reasonably  be  fixed  where 
the  tjingent  h-d  was  at  20°,  and  all  tails  extended  at  20°. 

The  object  of  the  series  would  be  to  find  the  discharge  and 
reaction  coefficients  referred  to  the  previously-mentioned  datum 
nozzle,  and  the  efi"ective  angle  of  discharge,  in  terms  of  the  blade 

Fig.  10. 


thickness,  length  of  tail,  pitch,  length  of  blade,  and  possibly  the 
number  of  blades  in  the  group. 

For  a  given  length  of  blade  there  would  then  be : — 

1 .  Single  nozzle. 

2.  Two  nozzles  with  sheet-metal  division  (the  blade). 

3.  Four  to  six  ditto. 

4.  Eight  to  twelve  ditto  (or  other  convenient  number) 
The  tests  on  these  would  be : — 

2a,  2b,  2c,  2d,  with  four  difierent  thicknesses  of  blade, 
oa,  ob,  oc,  od  „  „  ,,  ,, 

4a,  4b,  4c,  4d  „  „  „  „ 

la,  2a,  2/?,  2y,  28,  with  four  different  pitches. 
3a,  3^,  Sy,  38  „  „  , 

4a,  4/?,  4y,  48  „  „  , 
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1a,  2a,  2e,  2c,  2d,  with  four  diflferent  lengths  of  tails. 
3a,  3b,  3c,  3d  „  „  „  „ 

4a,  4b,  4c,  4d  „  „  „  „ 

This  was  a  formidable  array,  but  all  the  experiments  suggested 
could  be  made  on  a  set  of  twelve  original  specimens,  each  comprising 
the  full  number  of  nozzles,  tests  on  a  smaller  number  of  nozzles  being 
made  with  the  superfluous  passages  plugged. 

For  finding  the  effect  of  length  of  blade,  it  would  probably  be 
satisfactory  if  the  best  item  in  the  above  series  were  selected  for 
this  further  variation.  To  repeat  all  the  series  with  at  least 
three  other  blade  lengths  would  entail  an  enormous  amount  of 
work,  but  for  the  first  series  nothing  much  less  would  suffice  if  the 
investigation  was  to  be  done  properly,  although  of  course  it  was 
very  likely  that  one  or  two  tests  might  be  found  redundant  as  the 
work  proceeded.  The  question  of  size  did  not  appear  to  enter  the 
problem  at  all.  The  variations  suggested  really  covered  this, 
particularly  the  length  series.  There  was  no  reason  why  the 
coefficients,  etc.,  should  vary  with  the  scale.  In  practice,  size 
might  have,  in  fact  did  have,  an  influence,  but  for  entirely  external 
reasons  such  as  comparative  accuracy  and  finish,  working  facilities, 
strength,  working  clearances,  etc. 

Series  2. — The  multiple  convergent  nozzle  formed  by  sheet- 
metal  divisions  having  been  disposed  of,  the  research  might  then 
proceed  with  blading  of  various  thickened  sections,  the  thickening 
being  on  some  definite  plan.  For  satisfactory  conclusions  to  be 
obtained,  not  less  than  four  thickenings  would  be  required,  each 
with  the  complete  series  of  tests  as  above. 

It  was  highly  probable  that  it  would  be  found  that  the  effect  of 
tails  was  considerable ;  that  the  angle  of  discharge  varied  with  the 
pitch  and  thickening,  with  the  number  of  nozzles  in  a  group  and 
with  the  pressure  head  ;  and  that  the  coefficients  were  correspondingly 
involved. 

Series  3.  —  Convergo-diverfjent  Nozzles  adapfed  for  use  in 
Multiple — This  series,  if  properly  investigated,  would  be  far  more 
voluminous    than    the    convergent-nozzle  series.       In   view   of  the 
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large  proportion  of  energy  disposed  of  in  a  turbine  stage  where 
such  nozzles  were  used,  it  w%as  correspondingly  important.  The 
research  might  be  confined  to  the  approximately  rectangular  section 
of  passage,  at  any  rate  so  far  as  the  outlet  was  concerned. 
Convergo-divergent  passages  might  easily  be  formed  of  shaped 
blading — rather  more  so  than  purely  convergent  passages,  as  it 
was  difficult  to  avoid  a  divergence  with  thickened  blade-sections. 
Nozzles  formed  by  easy  machining  operations,  and  by  casting, 
might  also  receive  attention,  so  long  as  the  requirement  of 
multiplication  into  an  unbroken  arc  of  nozzles  was  kept  in 
view. 

The  research  with  these  nozzles  would  be  long  and  wearisome ; 
but  if  it  were  not  done  thoroughly,  it  had  far  better  be  left 
alone.  Such  a  research  must,  however,  be  promptly  carried  out,  or 
manufacturers  would  have  solved  their  own  problems,  and  rendered 
it  void  of  practical  interest.  In  this  respect,  it  differed  somewhat 
from  the  "  Alloys  Research,"  which  could  be  a  more  leisurely 
proceeding. 

To  revert  to  the  question  whether  air  or  steam  was  the  better 
for  this  kind  of  experiment,  the  writer  was  of  opinion  that  while 
there  was  a  chance  of  getting  through  something  useful  with  air  in 
a  reasonable  time,  there  was  none  with  steam. 

The  author  had  indicated  that  there  were  many  side-issues  or 
branch  experiments  that  might  be  made,  particularly  to  find  out 
the  source  of  deficiency  of  nozzles,  and  it  was  suggested  that, 
although  partly  academic,  there  w^as  sufficient  engineering  interest 
in  them  to  warrant  a  certain  amount  of  investigation. 

The  writer  hoped  to  be  excused  for  apparently  encroaching  on 
the  privilege  of  the  Research  Committee  that  might  be  formed,  in 
setting  out  even  briefly  a  proposed  scheme  of  research.  He  had 
done  so  with  the  express  object  of  showing  the  vast  and  complicated 
field  that  required  to  be  covered,  to  deal  satisfactorily  with  the 
rather  innocent-looking  suggestion  that  a  research  should  be  made 
on  this  subject. 

Since  writing  the  above,  it  had  been  suggested  to  him  that  an 
illustration  of  the  proposed  method  of  finding  the  coefficient  of 
discharge  of  a  nozzle,  in  terms  of  the  datum,  would  be  of  interest. 

Y 


290  FLOW    OF    STEAM    THROUGH    NOZZLES.  Feb.  1913. 

(Mr.  Alexander  Jude.) 

The  results  of  an  investigation  made  on  a  particular  form  of 
convergo-divergent  nozzle^  more  or  less  of  the  type  adopted  in  the 
well-known  Hopkinson-Ferranti  valve,  were  therefore  appended. 
In  this  case,  however,  the  valve  proper  was  not  of  the  "  full-way  " 

Figs.  11,  12,  and  13. — Nozzles  and  Valves. 
(Half  size.) 


type,  })ut  was  of  a  special  conical  shape  which,  it  would  ho  seen  hy 
the  results,  offered  little  or  no  obstruction  to  the  flow. 

The  object  of  the  experiments  was  to  find  the  relative  suitability 
of  the  nozzles  tested  for  use  in  connection  with  pneumatic  organ 
construction.     The  series  was  selected  because  it  did  not  clash  with 
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Fig.  14. 
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Fig.  15. — Testing  Apparatus. 
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anything  that  should  be  covered  by  the  research,  nor  with  othei'S 
of  a  more  or  less  confidential  character,  and  the  results  would 
probably  be  of  interest  in  other  directions — air-compressor  controls, 
for  instance.  It  also  served  to  show  how  the  coefficient  might  vary 
with  shape  of  the  nozzle,  and  incidentally  the  large  number  of 
experiments  that  could  be  made  in  a  short  time,  under  favourable 
circumstances.  Though  not  recorded,  the  time  occupied  in 
changing,  altering  and  testing  the  nozzles,  including  a  considerable 
number  of  re-checks,  did  not  exceed  30  hours.  These  were, 
however,  extremely  easy  examples,  and  in  the  proposed  research  it 
was  highly  probable  that  a  large  amount  of  time  would  slip  away 
in  the  numerous  things  to  be  attended  to,  apart  from  the  actual 
testing.  The  nozzles  of  this  series  were  illustrated  in  Figs.  11,  12, 
and  13,  and  were  made  of  hard  wood  varnished  and  smoothed. 
Those  to  Figs.  12  and  13  were  constructed  in  layers  so  that  their 
elements  could  be  taken  apart  and  tested  separately.  In  the  curves. 
Fig.  14  and  tabulated  results,  a  rough  sketch  indicated  the 
particular  part  concerned.  The  testing  apparatus  was  represented 
diagrammatically  in  Fig.  15,  which  was  self-explanatory. 

The  maximum  air-pressures  used  were  limited  to  about  20  inches 
of  water,  which  was  about  the  maximum  used  for  organ  purposes, 
and  the  results  were  tabulated  for  4  inches  pressure,  which  was 
about  the  average  pressure  used  in  organ  work.  It  would,  however, 
be  seen  that  within  the  limits  of  the  tests,  the  lines  were  practically 
straight,  and  thus  it  might  be  surmised  that  the  comparative  values 
remained  very  much  the  same  up  to  a  point  when  the  critical  drop 
of  pressure  {p.^  or  Pneck  =  0*52pi)  came  into  operation. 

It  was  not  claimed  that  the  deductions  were  of  the  highest 
order  of  accuracy,  because  no  corrections  were  made  for  possible 
variations  of  the  humidity  of  the  air,  nor  variations  of  temperature 
and  of  barometric  pressure.  The  temperature  of  the  air-supply 
was  nevertheless  fairly  uniform  ns  a  rule,  over  consecutive  days. 
For  the  purpose  in  view,  these  corrections  would  bo  insignificant, 
but,  with  a  r(;search  extending  over  a  long  period  and  dealing 
with  Inrgcr  i-ang(!S  of  pressure,  tlieso  points  should  receive  due 
consideration.     The  datum  or  reference  nozzle  was  a  facsimile  of 
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Rateau's  nozzle   C,  with   mouth  diameter  of   12  mm.  or  0*001219 
square  foot  area. 

lief  erring  to  Fig.  15,  simultaneous  observations  were  made  of 
Hi  and  H2  varying  from  a  convenient  minimum  to  the  maximum, 
and  these  were  plotted  on  the  diagram,  Fig.  14.  Then,  as  the 
variation  in  absolute  pressure  was  small  in  this  case,  the  discharge 
varied  with  VH.,  for  a  given  Hp  Quantitively,  the  discharge  was  Q 
(cubic  feet)  =  area  of  datum  nozzle  X  velocity.  For  small  heads, 
V  (foot-second)  =  66*35  X  ^112  (inches  water)  very  approximately. 
For  some  of  the  greater  heads  that  would  be  used  in  the  proposed 
research,  other  more  appropriate  formulae  would  be  adopted.  For 
organ  and  air-compressor  work  the  volume  flow  was  of  more  interest 
than  the  mass-flow.  The  results  therefore  had  not  been  further 
translated. 

The  coefficients  of  discharge  referred  to  nozzle  I  complete  were 
also  the  principal  object ;  these  were  given  in  column  6  of  the  Table 
(page  294).  The  coefficients  referred  to  the  Rateau  nozzle  were  given 
in  the  last  column  of  the  Table,  and  it  seemed  to  be  near  enough  for 
any  practical  purpose  to  assume  the  efficiency  of  that  nozzle  to  be 
unity.  It  was  perhaps  unnecessary  to  explain  that  it  was  quite  in 
order  for  the  coefficient  of  discharge  of  the  convergo-divergent  nozzle 
referred  to  the  neck  area  to  be  greater  than  unity,  or,  in  other  words, 
for  the  divergent  tail  to  increase  the  discharge,  the  essence  of  the 
Ferranti  valve  lying  in  this  phenomenon. 

The  areas  of  the  various  nozzles  were  as  below,  and  Figs.  11,  12 
and  13  were  drawn  to  scale  : — 


Area  of     ) 
Nozzle     / 

Neck  area 
of  Nozzle 


III 
II 

III 

datum 


21"  X  9/32"  =  0-703  sq.  in. 
0-181 


inlet  half  at  neck 
outlet         ,, 
inlet  ,, 

outlet 


0-1904 
0-181 

0-196 

0-1904 

0-199 

0-1755 


)  minus      wire     0-178 
/  valve  guide. 

0-1874 

^  This  variation  was 
due  to  saw  thick- 
ness, the  nozzles 
having  been  cut 
through  at  middle 
after  all  other  tests 
were  made. 
=  0-001219  sq.  ft. 


294  FLOW   OF    STEAM    THROUGH   NOZZLES. 

(Mr.  Alexander  Jude.) 


Fkb.  1913. 


Discharge  of  air  through  nozzles.     {See  Fig.  14.) 
Pressure  4  inches  water — atmospheric. 
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Professor  A.  L.  Mellanby  wrote  that,  the  work  presented  by 
Professor  Henderson  was  interesting  in  that  it  clearly  showed  how 
incomplete  w^as  the  theory  of  the  steam-nozzle.  It  was  questionable, 
however,  whether,  in  the  illustrations  he  had  given,  the  fact  that 
the  measured  flow  was  greater  than  the  theoretical  flow  was 
altogether  to  be  attributed  to  the  imperfect  theory  behind  the 
calculations.  As  the  author  had  pointed  out,  accurate  experiments 
of  this  nature  were  difficult  to  make,  especially  if  the  steam  were 
taken  to  a  condenser  of  the  jet  type.  The  difficulty  was,  however, 
diminished  if  the  steam,  were  taken  to  a  small  surface  condenser, 
and  provided  an  accurate  weighing  machine  was  available,  the 
actual  discharge  might  be  measured  within  very  narrow  limits. 
The  greatest  obstacle  to  accuracy  seemed  to  be  the  uncertainty  of 
the  quality  of  the  steam  used  during  the  experiments.  From  an 
examination  of  various  published  results,  it  appeared  that  very 
little  notice  had  been  given  to  this  point.  Measurements  of  the 
wetness  of  the  steam  entering  the  nozzles  were  made  by  Professor 
Rateau,  but  other  experimenters  made  little  or  no  mention  of  it. 
Even  if  the  dryness-fraction  of  a  sample  of  the  steam  were  taken, 
there  was  the  usual  difficulty  in  deciding  whether  this  sample  was 
a  fair  representation  of  the  whole  of  the  steam  passing  along.  In 
view  of  this,  the  nozzle  experiments  at  the  Royal  Technical 
College,  Glasgow,  were  generally  made  with  superheated  steam. 
By  gradually  reducing  the  amount  of  superheat,  it  was  possible  to 
determine  with  great  accuracy  when  the  steam  passing  was  dry  and 
saturated,  that  is,  when  the  dryness-fraction  was  unity. 

Another  difficulty  lay  in  the  differences  to  be  found  in  the 
various  Steam  Tables  published,  and  it  would  be  noticed  that  the 
value  of  the  coefficient  of  discharge  depended  very  much  upon  the 
Tables  used  in  calculating  the  theoretical  flow.  The  points  here 
mentioned  were  illustrated  by  the  diagram.  Fig.  16  (page  296),  which 
showed  some  results  from  a  series  of  experiments  upon  various  types 
of  nozzles  made  by  Mr.  W.  Kerr  in  the  writer's  laboratory  at  the 
Royal  Technical  College,  Glasgow.  These  experiments  referred  to 
a  nozzle  ^  inch  diameter  and  ^  inch  long,  with  a  rounded  entrance 
of  J  inch  radius.     The  steam  inlet  pressure  was  74  •  2  and  the  back 
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pressure  41*5  lb.  per  square  inch  absolute.  The  base  line  of  the 
figure  represented  degrees  of  superheat  at  the  nozzle  inlet,  and  the 
ordinates  gave  steam  discharge  in  pounds  per  hour.  Curve  2  showed 
the  theoretical  discharge  as  calculated  from  Callendar's  equations, 
using  some  of  the  constants  given  in  E wing's  "  Steam  Engines." 


Fig.  16. 
Curve  1.— Theoretical  Discharge  calculated  from  Tables  of  Marks  and  Davis. 

»>    2.—         ,,  „  ,,  ,,     Equations  of  Callendar. 

,,    3. — Actual  Discharge. 
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Curve  1  showed  the  theoretical  discharge  as  calculated  from  the 
Hteam  Tables  of  Marks  and  Davis.  Curve  3  was  the  mean  of  the 
experimental  results.  It  was  easily  seen  that  tlie  value  of 
the  coelKcient  of  discharge  for  this  nozzle  would  depend  upon 
wlietlicr  Curve  1  or  2  was  taken  to  represent  the  real  theoretical 
flow. 
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Another  experiment  was  made  under  the  same  pressure 
conditions,  but  in  this  case  the  steam  did  not  pass  through  the 
superheater.  The  steam  here  used  might  be  called  ordinary  steam, 
and  would  be  assumed  in  the  majority  of  cases  as  quite  dry.  The 
result  of  this  experiment  was  shown  by  the  spot  marked  A,  and, 
as  would  be  noticed,  the  discharge  through  the  nozzle  was  greater 
than  in  the  previous  experiment  with  zero  superheat.  If  this 
result  (A)  were  taken  as  the  measure  of  the  actual  flow  with  dry 
steam,  it  was  evident  that  the  coefficient  of  discharge  became 
greater,  and  an  entirely  erroneous  idea  was  obtained  of  the 
efficiency  of  the  nozzle.  With  a  shorter  nozzle,  the  discharge  under 
these  conditions  had  been  greater  than  that  shown  by  Curve  2  at 
the  saturation  point,  thus  giving  a  coefficient  of  discharge  greater 
than  unity.  This  showed  the  great  importance  of  knowing 
whether  the  steam,  used  in  nozzle  experiments  was  really  dry,  and 
it  was  suggested  that,  in  many  of  the  published  results,  the  wetness 
of  the  steami  would  account  for  the  large  coefficients  of  discharge. 
At  all  events,  these  experiments  indicated  that  there  were  causes 
beyond  the  imperfect  theory  which  might  have  the  effect  of  giving 
the  coefficient  of  discharge  for  a  nozzle  an  exaggerated  value. 
These  curves  were  to  some  extent  interesting,  as  they  illustrated 
a  point  not  generally  appreciated,  namely,  that  there  was  an 
amount  of  superheat  which  would  give  a  maximum  flow  under 
fixed  pressure  conditions.  In  Curve  2  it  was  shown  that,  under  the 
given  pressure  conditions,  the  maximum  calculated  flow  occurred 
when  there  was  about  65°  F.  of  superheat.  Reference  to  a 
temperature-entropy  diagram  would  show  that  this  was  the  amount 
of  superheat  just  necessary  to  allow  the  steam  to  be  brought  into 
the  dry  and  saturated  condition  by  adiabatic  expansion  from  the 
initial  to  the  critical  back-pressure.  The  actual  discharge-curve 
appeared  to  show  a  maximum-flow  point,  and  this  would  suggest 
a  possible  means  of  measuring  the  frictional  resistance  of  the 
nozzle.  Reference  might  be  made  to  the  experiments  of  Professor 
A.  Fliegner  who  had  made  measurements  of  the  pressure 
distribution  in  a  De  Laval  nozzle.  His  experimental  results  were 
published  in  the  "  Schweizerische  Bauzeitung,"  March  1898. 
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Mr.  Thomas  B.  Moiiley  (James  Watt  Engineering  Laboratories, 
Glasgow)  wrote  that  the  amount  of  experimental  work  that  had 
been  done  on  the  subject  of  the  flow  of  steam  in  nozzles  was  very 
great,  but  unfortunately  the  total  result  w^as  something  like 
confusion.  The  work  of  reducing  this  mass  of  data  to  order, 
confirming  or  rejecting  where  necessary,  was  one  of  great  magnitude 
and  was  peculiarly  appropriate  for  this  Institution  to  direct  rather 
than  for  isolated  private  experimenters. 

As  a  concise  review  of  what  had  been  done  and  preliminary 
survey  of  the  field  of  investigation,  Professor  Henderson's  Paper  was 
very  welcome. 

Theory. — Professor  Henderson  had  worked  out  an  exact  formula 
for  the  index  n  of  the  steam  adiabatic  ]^v^  =  constant.  It  should  be 
noted  that  his  result  had  been  presumably  derived  from  Tables  of 
the  properties  of  steam,  and  this  pointed  to  the  advantage  of  making 
all  theoretical  calculations  from  the  steam  properties  rather  than 
from  the  ordinary  pv  equations,  if  accuracy  was  desired.  In  this 
connection  also  it  must  be  remembered  that  the  "  adiabatic  equation  " 

^     +  log  6  =  ^^— ^  +  log  Oq  was   itself   an   approximation,  since  it 

would  only  be  true  if  the  specific  heat  of  water  were  constant  and 
equal  to  unity,  so  that  the  entropy  of  water  would  be  equal  to 
log  ^  . 

Of  the  two  expressions  for  rj  (nozzle  efficiency)  on  page  257,  the 

second,  namely  t]  =  j  _  j"  should  be  adopted  for  theoretical  cases 
in  which  heat  conduction  was  to  be  neglected.  It  applied  to  cases 
in  wliicli  D  lay  either  in  the  saturated  or  the  superheated  region  of 

the  chart  and   (in   the   more    usual   form   iq  =  ^'  _  j")  represented 

directly  the  ratio  of  the  actual  heat  drop  to  tl»(5  ideal  heat  drop, 
that  is,  the  energy  converted  into  kinetic  energy  compared  with  the 
available  energy. 

Experimental  Evidence  of  Transverse  Waves  in  Nozzles. — In 
referring  to  curves  of  Mxial  pressure  distril)ution  in  nozzles, 
published  }>y  the  writer  in  1905,  Professor  Henderson  noted  tliat 
the  curve  of  theoretical  pressure  distribution  near  the  throat  was  so 
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steep  that  considerable  variations  of  pressure  produced  only  slight 
shearing  of  the  curve,  and  emphasized  the  importance  of  plotting 
the  theoretical  and  actual  curves  side  by  side  for  comparison.  It 
must  be  remembered,  however,  that  no  very  accurate  comparison 
for  this  part  of  the  curve  could  be  made,  because  the  steepness  of 
the  curve  implied  corresponding  inaccuracy  in  the  experimental 
data.  In  other  words,  the  pressure  change  over  a  very  short  axial 
distance,  a  distance  not  much  greater  than  the  diameter  of  the  hole 
in  the  "  search-tube "  by  which  the  pressure  was  conveyed  to  the 
gauge,  was  so  sudden,  that  the  experimentally  obtained  pressure 
could  not  be  accurately  assigned  to  a  particular  point  of  the  nozzle 
axis.  It  was  the  average  pressure  for  a  certain  length  of  the  axis, 
and  moreover  a  slight  error  in  the  location  of  the  "  search-tube  " 
involved  a  great  error  in  the  pressure  indicated. 

Suggested  Experiments. — All  the  points  mentioned  by  Professor 
Henderson  certainly  demanded  experimental  investigation ;  but  in 
view  of  the  need  for  reliable  information  covering  a  wide  field  for 
practical  purposes,  the  writer  would  suggest  that  in  the  first  place 
the  object  of  experiment  should  be  simply  to  find  the  mass-flow 
and  velocity  efficiency  under  different  pressures  of  a  large  number 
of  different  nozzle  forms. 

Professor  Henderson  justly  pointed  out  the  difficulty  of  the 
direct  measurement  of  mass-flow.  Probably  the  best  method  was 
that  used  by  Professor  Rateau  in  his  well-known  experiments, 
already  referred  to  in  the  Paper.  The  velocity  efficiency  of  the 
nozzle  depended  on  its  efficiency  in  converting  heat  energy  into 
kinetic  energy,  and  on  the  parallelism  of  the  jet  produced.  The 
former  should  be  measured  by  reaction,  as  in  the  experiments  of 
Rosenhain. 

Comparative  efficiency  results  for  different  nozzles  could  be 
obtained  by  recording  the  impact  produced  by  the  jet  on  a  flat  plate, 
kept  in  a  definite  position  in  relation  to  the  nozzle.  The  writer 
had  used  a  flat  circular  disk  mounted  at  the  end  of  an  axial  spindle, 
fix:ed  to  two  parallel  strips  of  spring  steel  so  that  the  plate  always 
remained  normal  to  a  fixed  line  and  suffered  no  frictional  resistance 
to  motion.     The  impact  was  measured  by  the    force  required    to 
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maintiiiii  it  at  a  fixed  distjince  from  the  nozzle.  A  Hat  plate  was 
suggested,  since  with  curved  vanes  the  size  of  the  jet  in  relation  to 
the  curvature  of  the  vane  would  affect  the  results.  The  comparative 
results  so  obtained  could  be  made  absolute  by  comparison  with  the 
impact  and  reaction  results  in  the  case  of  a  nozzle  specially  formed 
to  give  a  parallel  jet. 

For  more  purely  scientific  purposes,  it  should  be  possible  to 
extend  the  method  of  the  "  search-tube "  and  the  Pitot-tube  to 
find  the  distribution  of  pressure  and  velocity  throughout  the  nozzle. 
The  "  search-tube "  method  has  already  been  successfully  applied 
to  find  the  axial  pressure  distribution.  The  velocity  distribution 
across  the  outlet  diameter  of  the  nozzle  could  be  found  by  a  method 
similar  to  that  described  by  Mr.  W.  R.  Eckart  in  his  Paper  on 
"  The  Application  of  the  Pi  tot-Tube  to  the  Testing  of  Impulse 
Water- Wheels."  *  The  chief  difiiculty  in  extending  these  methods 
to  the  exploration  of  other  parts  of  the  nozzle  lay  in  the  difiiculty 
of  making  the  measuring  apparatus  small  enough  in  relation  to  the 
size  of  the  nozzle,  or  conversely,  if  the  nozzle  was  large,  in  the  cost 
of  the  large  supply  of  steam  necessary. 

A  matter  of  considerable  difiiculty  in  finding  the  best  curve  of 
entry  was  the  accurate  measurement  of  the  nozzle  profile,  especially 
if  the  nozzle  was  small.  It  would  be  worth  while,  after  all  the 
experiments  on  a  particular  nozzle  had  been  completed  and  checked, 
to  cut  the  nozzle  so  as  to  expose  the  axial  section  and  verify  the 
original  measurements.  The  markings  on  the  interior  of  the  nozzle 
after  use  was  also  worthy  of  note.  For  example,  the  writer  had 
found  in  some  conical  divergent  nozzles  a  very  regular  series  of 
longitudinal  lines  running  from  the  throat  to  the  outlet,  with  a 
circumferential  line  near  tlie  outlet ;  the  cause  of  these  lines 
had  never  been  satisfactorily  explained. 

Mr.  H.  S.  llowELL  wrote  that  tlie  Paper  was  extremely 
interesting,  and  though  very  incomplete,  was  valuable  in  calling 
attention    to  several   j)oints  whicli  would   probably  ])ear  discussion 


*  ProceediDgB,  I.Mech.E.  1910,  Part  1,  page  3. 
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for  some  time  to  come.  Professor  Henderson  emphasized  the 
necessity  of  circumspection  with  regard  to  the  curve  of  entry  to  the 
nozzle.  In  this  matter,  analogy  with  water-flow  had  had  perhaps 
too  great  an  influence,  but  it  was  difhcult  to  agree  with  the  author's 
theory,  for  several  reasons.  Comparing  Fig.  2  (page  258)  with 
Fig.  4,  Plate  6,  the  first  boundary  condensation  (as  at  B,  say)  would 
ostensibly  coincide  with  the  first  erosion  hollow  in  the  nozzle,  that 
is,  according  to  the  author's  theory  the  greatest  erosion  would  seem 
to  take  place  at  the  point  where  the  velocity  was  least  and  the 
pressure  and  temperature  greatest.  This  agreed  with  the  remark 
at  the  bottom  of  page  261.  But  was  there  any  evidence  as  to  the 
relative  efi'ects  of  velocity  and  temperature  in  erosion?  Another 
point  of  contention  lay  in  his  having  assumed  Bernoulli's  theorem 
to  be  applicable  (page  259,  line  20),  because  it  was  not  true  under 
the  conditions ;  the  theorem  held  strictly  for  stream.-line  motion 
only,  and  only  applied  to  the  variations  in  one  stream-line  or 
tube.  Away  from  these  conditions  there  was  energy  transference 
(as  Banki  had  shown)  between  the  stream-lines. 

Then  again,  to  compare  the  flow  of  gas  from  an  explosion 
vessel  through  a  parallel  nozzle  with  the  flow  of  steam  through  a 
divergent  nozzle  was  not  tenable.  In  the  first  case,  the  flow 
resulted  from  a  violent  explosion  and  was  not  steady ;  in 
the  second  case,  the  source  of  pressure  was  much  steadier. 
Internal  friction  would  probably  damp  out  some  initial  vibrations 
due  to  the  source,  and  the  flow  would  be  very  different.  This 
might  be  further  deduced  from  the  work  of  Prandtl  and  of  his 
pupils,  T.  Meyer  and  E.  Magin.  They  photographed  an  air-jet 
flowing  through  a  divergent  nozzle  and  found  a  beautiful  formation 
of  plane  interlacing  wave-fronts  spread  over  the  nozzle  section, 
beginning  some  little  distance  subsequent  to  the  throat  and 
persisting  into  the  open  air  beyond  the  nozzle.  These  wave-fronts 
were  akin  to  those  photographed  by  Professor  Boys  in  connection 
with  rifle  bullets.  When  a  projectile  moved  through  air  with  a 
velocity  v.^  >  v^  (the  velocity  of  sound)  the  nose  compressed  the  air 
and  acted  as  the  source  of  a  wave  which  travelled  out  radiaUy  with 
the  velocity  of  sound.     The  motion  of  the  source  in  a  straight  line 


302  FLOW   OF    STEAM   THROUGH   NOZZLES.  Ficn.  1013. 

(Mr.  H.  S.  Rowell.) 

resulted   in  a  linear  series  of  wave  sources  inclined  at  an  angle 

sin-^  —  to  the  line  of  flifjht.     In  the  case  of  the  nozzle  there  was  a 

similar  phenomenon,  only  that  the  medium  was  moving  and  the 
disturbing  solid  fixed.  In  the  photograph  by  Prandtl  (reproduced 
by  his  kind  permission  in  Fig.  17,  Plate  6),  one  saw  how  the  angle 
of  the  wave-fronts  with  the  axis  gradually  decreased  as  the  velocity 
of  the  fluid  increased  towards  the  mouth — near  the  throat  the  angle 

=  X  because  the  velocity  equalled  the  velocity  of  sound.      But  the 

change  of  angle  was  gradual  and  uniform — not  like  the  variation 
which  would  result  if  Professor  Henderson's  theory  were  true.  In 
fact,  if  Professor  Henderson's  theory  were  true,  it  was  difficult  to 
imagine  the  plane  wave-front  as  a  possibility. 

Erosion  such  as  occurred  in  the  nozzle  of  an  explosion  vessel 
was  not  conceivably  a  simple  matter.  Erosion  and  the  nature  of 
the  flow  were  mutually  dependent  variables  ;  slight  heterogeneities 
would  assist  local  erosions  which  would  in  turn  so  modify  the  flow 
as  to  aggravate  the  irregularity — one  saw  such  effects  on  the  sea- 
shore. If  an  explosion  vessel  were  fitted  with  an  appropriately 
divergent  nozzle,  it  was  possible  that  quite  difi'erent  erosion 
phenomena  might  be  observed,  and  if  the  source  could  be 
maintained  fairly  steady,  as  in  a  steam  supply,  the  irregularities 
might  disappear  entirely.  Altogether  it  seemed  difficult  to  credit 
importance  to  any  pressure  or  density  variations  across  the  section, 
such  as  Professor  Henderson  suggested.  Prandtl's  photograph 
seems  to  disprove  their  existence  altogether. 

Turning  to  the  experimental  side  of  the  subject,  it  might  be 
regretted  that  Professor  Henderson  omitted  the  discussion  of  a 
very  important  method  of  experiment  used  by  Frederic  and 
Keml)le  and  by  Christlein.*  In  this  method  the  mass  of  steam 
flowing  was  measured  by  weighing  the  condensate,  and  the  actual 
velocity  was  deduced  from  this  by  measuring  tlie  reaction  of  the 


*  An  account  of  these  experiments  will  be  found  in  "  Zcitschrift  fiir  das 
gcsamto  Turbincnwoson,"  vol.  9,  l'J12,  page  33  ot  seq. 
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steam  on  the  nozzle.  The  "  heat  drop "  was  determined  and  the 
theoretical  velocity  calculated.  The  ratio  of  the  experimental 
and  theoretical  velocities  was  called  the  velocity  coefficient  of  the 
nozzle,  and  the  square  of  this  coefficient  might  be  taken  as  the 
efficiency  of  transformation.  Christlein's  work  represented  one 
of  the  most  important  investigations  hitherto  published  on  the 
subject,  and  furnished  several  curious  results.  The  efficiency  of 
the  nozzle  when  properly  designed  (that  is,  throat  and  mouth  areas 
to  suit  the  terminal  pressures  employed)  appeared  to  increase 
with  increasing  velocity,  and  the  maximum  efficiency  for  any  one 
nozzle  was  only  attained  beyond  the  so-called  critical  velocity. 
Superheating  increased  the  efficiency  of  the  nozzle,  more  especially 
on  such  curved  nozzles  as  were  used  in  the  Curtis  type  of  turbine. 
Smoothness  of  the  walls  was  of  great  importance. 

Christlein  had  also  observed  the  occurrence  of  local  corrosions. 
In  nozzles  where  the  section  changed  (for  practical  convenience  of 
valves  and  vanes)  from  circular  to  square,  corrosion  was  observed 
at  the  transition  between  the  circular  and  square  portion ;  the 
square  part  was  quite  bright.  In  curved  nozzles  the  convex  wall 
was  severely  corroded,  while  the  concave  surface  remained  bright. 
Those  who  had  followed  recent  work  on  corrosion  in  water- turbines 
would  see  a  parallel  in  this,  and,  remembering  that  corrosion  not 
only  destroyed  a  working  part  but  lowered  the  efficiency,  would 
appreciate  the  desirability  where  feasible  of  straight  nozzles  with 
a  cross-section  of  similar  form  throughout.  Reasoning  from  the 
work  of  Prandtl  and  of  Christlein,  it  would  seem  that  the  exit  end 
of  the  nozzle  should  be  perpendicular  to  the  axis  and  not  oblique 
as  was  often  seen. 

A  valuable  summing  up  of  many  important  points  was  found 
on  page  270.  The  generally  accepted  theory,  or  rather  the  theory 
usually  employed  in  text-books,  was  defective  in  that  it  gave 
results  differing  from  those  of  experiment.  But  accurate 
investigations  such  as  Christlein's  seemed  to  indicate  a  discrepancy 
at  least  consistent.  It  was  true  that  a  rational  "  hydrodynamic  " 
solution  for  gaseous  flow  in  a  nozzle  seemed  impossible,  though 
as    a   matter    of    fact   Prandtl,    some   years   ago,   gave   a  rigorous 
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mathematical  solution  of  the  flow  of  a  gas  from  a  sharp  cornered 
orifice,  and  illustrated  his  results  very  satisfactorily  by  photographic 
work.  After  all,  the  province  of  engineering  theory  was  but  to 
furnish  guidance,  and  it  was  often  more  expedient  as  a  matter 
of  scientific  method  to  adopt  a  semi-rational  treatment  of  the 
discrepancies  from  some  broad  and  simple  theory  than  to  attempt 
the  construction  of  a  more  comprehensive  fundamental  theory. 

When  one  considered  the  enormous  velocities  of  the  steam 
relative  to  the  nozzle,  it  would  not  be  surprising  to  find  that  skin 
friction  was  an  important  source  of  loss.  Dr.  Stanton  had  shown 
that  skin  friction  for  water  and  air  was  almost  exactly  proportional 
to  the  densities,  and  it  seemed  possible  that  some  such  law  might 
hold  for  steam  of  different  densities.  Thus  the  entry  and  throat 
portions,  where  the  steam  might  be  one  hundred  times  denser  than 
in  the  mouth,  might  by  virtue  of  this  density  contribute  more 
largely  to  the  resistances  than  the  divergent  part  where  the 
velocities  were  about  five  times  as  great.  This  theory,  if  true, 
and  the  writer  believed  it  was  supported  by  Christlein's  results, 
would  be  an  argument  for  a  short  entry  curve. 

Then  again,  engineers  taking  Reynolds's  results  for  water,  and 
reasoning  by  analogy,  were  apt  to  regard  the  divergent  boundaries 
as  a  source  of  loss,  because  of  the  unstable  flow  and  consequent 
turbulence  resulting  in  the  case  of  water.  But  with  steam-flow, 
the  divergent  channel  need  not  produce  turbulence — it  might 
indeed  under  certain  conditions  tend  to  correct  it.  This  was 
exemplified  by  the  tradition  of  practice — which  was  so  often 
sagacious — that  a  nozzle  should  be  designed  to  give  under- 
expansion  rather  than  over-expansion.  That  skin  friction  played 
an  important  part  in  the  steam-nozzle  seemed  scjircely  doubtful. 
Dr.  Stodola  had  remarked  that  a  steam-jet  issuing  into  the 
atmosphen;  liad  a  milky  core  ])ut  a  transparent  periphery,  as 
though  th(;  })Oun(lary  layers  wore  superheated  by  friction  against 
the  walls,  while  tlio  inner  portions  followed  the  adiabatic  conditions 
more  closely  and  became  wet.  The  increased  velocity  cooflicients, 
due  to  sup(!rhoating,  observed  })y  Christlein  might  be  largely  due 
to  decreased  skin  friction. 
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It  had  been  questioned,  notably  by  Batho,  whether,  at  the  high 
velocities  usual  in  steam-nozzles,  the  steam  had  time  to  undergo 
the  changes  postulated  by  adiabatic  expansion.  When  it  was 
recalled  that  the  transformation  from  boiler  to  low-pressure  steam 
might  occupy  no  more  than  the  4 o^o^^  part  of  a  second,  it  would 
be  understood  that  the  question  was  not  absurd.  Batho  from  his 
experiments  thought  the  time  insufficient ;  Stodola  seemed  to  lean 
to  a  contrary  opinion. 

Radiation  suggested  itself  as  a  source  of  loss,  possibly 
unimportant  however,  at  usual  steam  temperatures.  In  any  case, 
polished  surfaces  would  lessen  it.  There  was  probably  a  dimensional 
effect  also,  involving  skin  friction,  radiation,  etc.,  which  might 
be  well  w^orth  investigation.  Certainly,  the  tendency  in  some 
quarters  seemed  to  be  towards  one  large  nozzle  instead  of  a  few 
small  nozzles,  but  this  had  most  likely  a  practical  basis.  That  the 
form  of  cross-section  exerted  any  important  influence  seemed 
improbable.  The  transverse  waves  and  eddy  formations  in  square 
and  round  nozzles  could  not  conceivably  be  so  different  that  the 
energy  dissipations  would  vary  considerably.  Similitude  of  cross- 
section  seemed  the  important  point. 

But  after  all,  the  nozzle  problem  seemed  largely  a  practical  one. 
Scientifically  it  would  be  very  interesting  to  know  what  kind  of 
profile  were  best ;  whether  taking  axial  distance  as  independent 
variable,  it  were  advisable  to  have  a  linear  dependence  of  the 
pressure,  the  volume,  the  acceleration,  the  temperature  or  the  heat 
drop.  Practically,  such  questions  did  not  seem  to  matter ;  correct 
throat  and  mouth  areas,  a  reasonable  taper  and  smooth  surfaces : 
these  seemed  to  give  all  that  was  necessary. 

Professor  Robert  H.  Smith  wrote  that  he  desired  to  refer  to 
some  of  the  contents  of  Papers  he  had  written  bearing  on  this 
subject,  which  did  not  seem  to  have  come  to  the  notice  of  the 
author. 

The  law  according  to  which  the  cross -sectional  size  of  the  nozzle 
influenced  the  flow  must  have  importance.  It  was  usually  taken 
for    granted,    apparently    without   experimental    support    for    the 
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assumption,  that,  other  things  being  equal,  the  flow  was  proportional 
to  the  area  of  the  minimum  section.  This  was  not  in  accordance 
with  experience  of  water  flows.  Of  the  many  formulae  used  for 
water-flow,  none  made  the  flow  in  linear  proportion  to  the  cross- 
section.  That  usually  considered  the  most  accurate  was  Kutter's 
rule,  which,  however,  was  very  complicated  and  aimed  at  a  degree 
of  accuracy  greater  than  was  justified  by  the  very  discrepant 
experimental  measurements,  the  source  of  irregularity  being  the 
variability  of  the  frictional  resistance  against  the  solid  walls  of  the 
channel  and  of  the  viscous  resistance  due  to  cross  variations  of 
velocity.  These  influences  must  be  at  least  as  variable  in  steam 
and  gas  flow  as  in  water-flow.  A  new^very  simple  formula  was 
given  by  the  writer  in  the  article  on  "Flow  of  Water"  in  The 
Engineer,  14th  June  1901. 

In  an  article  on  the  "  Free  Expansion  of  Wet  Steam  "  in  The 
Engineer,  29th  May  1903,  the  first  part  was  devoted  to  explaining 
how  erroneous  was  the  very  common  idea,  that  in  free  high-speed 
expansion  the  expanding  material  *'  does  work  on  itself  in  creating 
kinetic  energy  "  ;  that  is,  that  each  part  of  the  material  of  the  flow 
created  kinetic  energy  in  itself  ;  and  how  the  idea  led  to  a  completely 
confused  and  wrong  conception  of  the  physical  action  involved. 
The  expansion  work  done  by  each  part  of  the  material  was  actually 
wholly  spent  in  producing  kinetic  energy  in  the  material  in  front 
of  it,  not  in  itself.  The  equations  ordinarily  derived  stood  good  so 
long  as  the  flow  from  end  to  end  remained  perfectly  "  steady  " ;  but 
they  became  incorrect  during  fluctuations  and  oscillations.  It  was 
certain  that  such  oscillations  were  continuously  active  in  steam- 
flows  in  injectors,  ejectors,  and  turbines,  as  also  in  the  escapes  from 
safety-valves. 

Another  part  of  this  article  was  considered  by  its  writer  to  be 
of  much  theoretical  and  practical  importance.  It  aimed  at  proving 
that  no  such  thing  as  adiabatic  expansion  of  "  wet  steam  "  existed  ; 
the  wet  steam  expansion  could  be  considered  with  theoretical 
accuracy  only  by  analysing  it  into  four  parts,  namely  (1)  that  of  the 
part  of  the  steam  which  expanded  without  condensing,  (2)  that  of 
the  steam  which  condensed  into  water  (which,  of  course,  was  a 
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negative  expansion)  while  the  rest  expanded,  (3)  that  of  the  water 
which  evaporated,  and  (4)  that  of  the  part  of  the  water  which 
remained  water.  Between  these  different  parts  there  was  actual 
heat  conduction,  so  that  none  of  them  experienced  adiabatic  change. 
This  analysis  led  to  a  proof,  which  the  writer  had  still  no  reason  to 
suspect  of  being  faulty,  that  the  second  law  of  thermodynamics 
was  not  applicable  to  the  total  of  such  a  compound  as  wet  steam, 
the  separate  parts  of  which  necessarily  interacted  upon  each  other 
conductively  during  a  thermodynamic  change. 

In  an  article  entitled  "  Expansion  of  Wet  Steam "  in  The 
Engineer,  20th  August  1905,  there  were  developed  very  simple 
formulae,  easy  of  practical  application,  which  approximate  very 
closely  to  the  known  physical  facts,  and  to  well-established  theory, 
for  the  integrally  adiabatic  expansion  of  wet  steam. 

These  formulae  are : — 

Ratio  of  Expansion  ~  =  [^  ^  l^r^'^^  +  (2  -r)**"'^^ 

and 

Final  Dryness  Fraction  x  =  {\  —  x^  •{■  {2x^  —  1)  ~  °°^ 

where  r  is  the  ratio  of  drop  of  pressure  or  p/p^. 

In  The  Engineer,  22nd  and  29th  December  1905,  appeared  an 
article  on  the  "  High-Speed  Outflow  of  Steam  and  Gases,"  in  which 
were  calculated  and  diagrammed  the  successive  cross-sectional  areas 
of  the  flow  and  the  velocities  at  successive  ratios  of  pressure-fall 
before  and  beyond  the  minimum  section,  for  eight  values  of  the 
expansion  index,  namely : 

i  =  1,  1-05,  1-1,  1-15,  1-2,  1-3,  l-4and  1-5. 

Professor  Henderson  pointed  out  that  the  actual  expansion  law 
followed  at  each  point  of  the  nozzle  must  depend  upon  the  heat 
conduction  between  the  steam  and  the  metal  of  the  nozzle,  and  that 
this  conduction  was  probably  in  reverse  directions  at  the  front  and 
end  parts  of  the  nozzle.  In  the  writer's  book  on  "  Steam  Engine 
Economy,"  he  showed   that   the  proper   expansion  index  for  any 

XT 

non-adiabatic  curve  is  ^  =  a  +  j—i  where  a  is  the  adiabatic  index, 

z  2 
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H  is  the  time-rate  of  extraction  of  heat  through  the  walls,  jj  the 
pressure,  v^  the  time-rate  of  volumetric  expansion,  and  h  is  the 
specific  heat  per  unit  volume  per  unit  isometric  increase  of  pressure. 
In  an  article  in  The  Engineer,  24th  December  1909,  an  extremely 
simple  formula  for  the  total  heat  of  saturated  steam  was  found, 
which  very  accurately  represented  the  results  of  the  most  recent 
experimental  determinations  of  this  quantity.  As  it  was  even 
simpler  than,  and  as  easy  to  compute  from  as,  the  old  Regnault 
formula,  which  was  now  known  to  be  inaccurate  and  which  was 
not  originally  put  forward  as  having  accuracy  of  a  close  order,  this 
new  formula  might  well  be  substituted  in  common  use  for  the  old 
one.  The  correction,  of  course,  affected  the  accuracy  of  the 
calculations  referred  to  above  for  the  outflow  of  steam  ;  but  whether 
it  made  the  approximations  of  these  latter  closer,  or  increased  their 
error,  had  not  yet  been  investigated. 

Professor  Henderson  referred  to  the  cross  gradients  of  pressure 
and  of  velocity  due  to  curvature  of  the  stream-lines  through  the 
nozzle,  and  discussed  their  probable  effects.  It  appeared  to  the 
wTiter  that  the  noxious  effects  of  any  sudden  change  of  curvature 
were  of  even  much  greater  importance.  It  was  a  ^physical  necessity 
thit  all  such  changes  created  vortices  and  eddies  ;  in  fact,  the  stream- 
lines refused  to  follow  such  changes,  and  if  such  changes  occurred 
in  the  guide-surfaces  formed  by  the  walls  of  the  nozzle,  then  the 
flow  could  not  follow  these  walls  but  must  leave  dead  spaces  or  vortices 
clinging  to  the  walls.  This  was  strongly  insisted  on  in  the  articles 
already  referred  to.  It  appeared  to  be  a  matter  of  first  class 
importance  in  the  design  of  the  curves  of  the  walls  of  the  nozzle. 

As  the  centrifugal  effects  varied  as  — ,  where  p  is  the  radius  of 

curvature,  m  the  density  of  the  steam,  and  s  its  velocity,  the  ideal 
outlines  would  seem  to  be  such  as  to  make  the  variation  of  this 
quantity  uniform  per  mm.  length  along  the  axis  of  the  nozzle.  It 
was  easy  to  form  a  differential  equation  expressing  this  condition; 
})ut,  as  m  and  s  and  p  were  all  varying  along  the  axis  in  complex 
fashion,  this  (iquation  was  not  integrable  and  could  not  bo  made 
uscjful  in  practical  design.  Two  forms  of  outline  which  avoided 
sudden  change  of  curvature  might  be  mentioned.     One  made  the 
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curvature  -  to  vary  uniformly  along  the  axis.  The  equation  to  this 
was  p  =  y-,  in  which  I  is  the  length  along  the  axis  measured  from  the 

nozzle  entrance  where  the  wall  commences  as  a  straight  cone,  that 
is,  with  zero  curvature.  But  ms"^  at  first  increased  and  then 
decreased   after   passing  a  maximum ;   so  that  varying  p  so  as  to 

make       increase   by  a  curve  which   bent   upwards  gave   a   result 

nearer  to  what  was  desired.     Such  a  curve  was  p  =  constant  —  Id.  . 
Sets    of    drawing-office    templates    cut    to    this    formula,    with    I 
representing  the  arc  length  instead  of  the  length  along  the  straight 
axis,  could  be  purchased  in  the  shops,  and  seemed  the  most  suitable 
at  present  available  for  the  design  of  these  nozzles. 

The  equations  and  diagrams  alluded  to,  which  gave  the  areas  of 
successive  cross-sections,  did  not  determine  the  proper  outline  for 
the  axial  section  of  the  nozzle.     They  determined  the  areas  at  the 
points  where  successive  pressures  were  reached,  but  did  not  show 
how  far  apart  these  points  lay.     There  was  no  reason  to  suppose 
that  the  drop  of  pressure  per  mm.  forward  was  uniform  ;  in  general, 
the  opposite  must  be  true.      The   writer  had   tried   many  times, 
hitherto   without    success,   to   solve    this   problem ;    but    he   now 
suggested  the  following  advance  towards  the  solution.     It  seemed 
to  him  that  a  real  physical  solution  existed,  and  that  the  difficulty 
was  a  purely  mathematical  one.     Each  of  the  curves  co-ordinating 
pressure-drop   with   cross-section    already   found   and    plotted    as 
above  mentioned  was  for  a  given  value  of  the  expansion  index  i. 
As  mentioned  by  Professor  Henderson,  the  proper  i  depended  upon 
the  time-rate  of  conductive  supply  or  withdrawal  of  heat,  and  as 
this  varied  along  the  axis  of  the  nozzle,  different  values  of  i  were 
correctly  applicable  at  different  points  of  the  path.     That  is,  the 
correct  curve  would  be  a  compound  of  the  various  curves  of  the 
diagrams  in  The  Engineer  of  December  1905.     Suppose  the  correct 
compound  to  have  been  obtained,  either  accurately  by  trial   and 
error  or  approximately  by  guesswork.     Each  part  of  it  was  based 
upon  an  assumed  value  of  H,  the  time-rate  of  supply  of  heat  per 
pound    of   steam    flowing.     What   the  actual   physical   data    were 
capable    of    supplying    was    a    knowledge    of    the    difference    of 
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temperature  between  metal  and  steam ;  from  this  the  time-rate  of 
conduction  of  heat  per  unit  of  metal  surface  ;  and  from  this  the 
time-rate  of  total  conduction  of  heat  through  the  metal  surface  of 
each  small  length  of  the  nozzle.  At  any  point  of  the  length  I 
suppose  q  to  be  the  rate  of  outward  heat  conduction  per  second  per 
square  foot  and  D  ft.  the  diameter  of  the  circular  section,  then 
-TrDqdl  is  the  rate  of  heat  extraction  from  the  steam  in  the  small 
length  dl.  At  this  point  there  were  known  the  temperature  and 
the  pressure  p,  therefore  also  the  specific  volume  v,  and  the  velocity 
8  feet  per  second.      The  weight  of    steam  in   this  length  dl  was, 

therefore,  the  known  quantity  "^ —  .  dl ;  and  the  rate  of  heat  lost  per 

second  per  unit  of  weight  was  thus  ||  =  H  in  the  above  quoted 

formula  for  the  proper  value  of  i.  Let  dl  be  the  length  in  which 
the  pressure  drop  occurred,  corresponding  to  an  increase  of  specific 
volume    dv,    then    the    time-rate    of    volumetric    expansion    was 

—  =  -^  .  ,  =  ^-  .  s  —  the  v^  of  the  above  formula.  Inserting  these 
dt       dl     dt       dl  ° 

values  of  H  and  v^,  the  formula  for  i  may  be  transformed  into 

This  gave  the  distance  dl  apart  of  two  near  sections  between 
which  the  increase  of  specific  volume  was  dv,  which  corresponded  to 
a  known  drop  of  pressure  dp,  which  again  corresponded  to  a  known 
change  of  section  dK.  This  meant  that  this  change  of  sectional 
area  dA.  must  occur  between  two  sections  distant  from  each  other 
by  the  length  dl  as  just  calculated,  in  order  that  the  expansion 
might  follow  the  curve  with  index  i.  The  assumption  was  that  q 
was  known  for  each  point  or  could  be  estimated  with  sutiioient 
approximation.  On  this  same  assumption,  by  reversing  the  above 
process  of  calculation,  there  could  be  found  the  correct  index  i  for 
each  point  of  tlie  path  for  any  given  nozzle  outline  determining 

-rr  at  each  point. 

Professor  Dr.  A.  Stodola  wrote  that  the  point  of  chief  interest 
in    practical    steam-turbine    building    at    tlie    present    time    was 
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the  fixing  of  the  exact  law  according  to  which  the  efficiency  of  a 
nozzle  varied  with  the  velocity  of  the  steam.  A  very  elaborate 
series  of  experiments  published  by  Christlein  and  by  Josse  *  (not 
mentioned  by  Professor  Henderson)  and  in  a  brochure,  entitled 
"  Untersuchungen,"  by  Christlein,!  showed  that  the  efficiency 
increased  with  the  velocity  of  the  jet,  that  is,  with  the  rate  of 
expansion,  and  that  it  was  not  desirable  to  have  a  complementary 
free  expansion  outside  the  nozzle.  The  apparatus  used  was  identical 
with  that  of  Frederic  and  Kemble,J  the  velocity  of  the  steam  being 
calculated  from  the  reaction  which  the  nozzle  produced,  and  from 
the  steam  quantity  in  unit  of  time.  In  this  connection  it  had  been 
stated  that  the  coefficient  of  friction  in  the  turbine-blades  of  the 
action  type  was  least  when  the  relative  steam  velocity  attained  the 
critical,  that  is,  the  speed  of  sound  corresponding  to  the  state  of 
the  steam.  If  these  results  were  true,  it  followed  that,  for  all 
steam.-turbines  of  the  action  type,  much  higher  expansion-grades  in 
one  step  must  be  adopted  than  have  been  hitherto  considered 
economic,  and  that  a  great  revolution  should  take  place  in  the 
construction  of  these  turbines,  as  they  would  have  perhaps  only 
half  as  many  wheels  as  at  present ;  these  wheels  would,  of  course, 
have  greater  circumferential  velocity.  There  had  been  much 
discussion  in  the  above  mentioned  journal  in  which  doubts  were 
expressed  as  to  the  accuracy  and  validity  of  those  experiments. 
The  nozzles  used  were  provided  with  a  very  long  channel  as  an 
entrance  to  the  "  throat "  of  the  nozzle,  a  shape  which  was  not 
generally  used  by  leading  makers.  Christlein  found  a  loss  of  energy 
amounting  to  16  per  cent,  of  the  available  head  for  the  flow  from 
the  entrance  to  the  beginning  of  the  smallest  section.  Further,  in 
the  ordinary  "  guide-apparatus  "  with  parallel  flow,  the  minimum  of 
loss  occurred  when  the  velocity  was  greater  than  the  critical  value. 
This  fact  required  further  explanation.  Christlein  held  the  opinion 
that  the  ordinary  "guide-apparatus"  acted  partly  as  a  divergent 
nozzle,  because  of  the  possibility  of  the  steam- jet  leaving  the  wall  on 

*  Zeitschrift  fur  das  gesamte  Turbinemvesen,  Nos.  l-l  and  10-17  of  1912. 

t  Miinchen,  R.  Oldenbourg,  1911. 

X  See  "  Die  Dampfturbinen,"  7th  edition,  page  62,  by  Dr.  A.  Stodola, 
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the  concave  side  of  the  blade.  But  it  was  questionable  whether 
this  had  been  the  case  with  the  conveKgent  nozzle,  which  was  much 
more  slightly  curved  and  differed  from  the  "  guide-apparatus  "  in  being 
cut  normally  to  the  axis  at  the  orifice.  From  these  circumstances, 
it  seemed  very  desirable  that  the  experiments  should  be  repeated 
with  nozzles  of  various  shapes,  and  that  the  utmost  care  should  be 
taken  to  ensure  accuracy,  in  order  that  this  exceedingly  important 
question  should  be  settled. 

Among  the  experiments  of  the  past  few  years  must  be  mentioned 
those  of  Bendemann,*  whose  very  extensive  series  of  experiments 
was  chiefly  undertaken  to  determine  the  quantity  of  steam  flowing 
through  a  convergent  nozzle,  the  meridian  of  which  was  formed 
by  arcs  of  circles,  the  centre  lying  in  the  plane  of  the  orifice. 
Bendemann  gave  an  elaborate  criticism  of  the  much  older 
experiments  of  Bateau  with  whom  he  disagreed,  the  general  result 
of  his  investigation  being,  that  the  coefficient  \f/  in  the  formula 


-V^ 


(w^here  a  =  quantity  of  steam  flowing  per  unit  of  time 
through  unit  of  section,  and  j^^,  v^  absolute  pressure 
and  specific  volume  before  entrance,) 
was  the  same  for  saturated  and  for  superheated  steam — even  for 
a  superheat  of  120°  C— and  could  be  fixed  at  2-03  kg.  m.  second 
units.      The   theoretical   value   of    this    coefficient   was    1-99   for 
saturated  or  wet  steam,  and  2  •  09  for  a  superheat  of  such  degree, 
that   the   expansion   to    the    critical   pressure   took   place  entirely 
in  the  superheat  region.     When  the  expansion  extended  from  the 
region  of  superheat  to  that  of  wet  steam,  the  theoretical  value  of  if/ 
would  be,  of  course,  an  intermediate  number.     The  majority  of  the 
experiments  of  Bendemann  having  been  made  with  small  superheat, 
he  (Dr.  Stodola)  was  entitled  to  state  that  the  effective  flow  was 
about  2  per  cent,  greater  than  the  theoretiail.     He  (Dr.  Stodola) 
did  not  think  that  this  difference  could  be  caused  by  the  inequality 


♦  '•  Mittoilungcn  iibcr  Forschungsarbcitoii."   Edited  by  Vor.  doutscb.  Ing., 
No.  37,  1907.     Also  "  Dampfturbincu,"  4tb  cd.,  pago  88. 


\<t:ii.  1913.  FLOW    OF    STEAM    THROUGH    NOZZLES.  313 

of  pressure  across  the  smaller  section.  Indeed,  whether  one  supposed 
that  there  were  parts  with  less  or  with  greater  pressure  than  the 
"  critical,"  the  effective  flow  of  steam  should  not  be  greater, 
but  less  than  the  theoretical.  The  only  valid  hypothesis  was  the 
appearance  of  supersaturation,  as  had  already  been  suggested  by 
several  authors.  On  the  other  hand,  such  inequality  of  pressure 
could  not  serve  as  an  explanation  of  the  excessive  diminution  of 
flow  through  an  orifice  in  a  thin  plate.  In  that  case  the  great 
contraction  of  the  jet  outside  the  orifice  meant  a  diminution  of  the 
effective  section  more  than  sufficient  to  explain  the  drop  in  the 
amount  of  steam. 

All  the  points  and  suggestions  mentioned  by  Professor  Henderson 
were  worthy  of  attention,  especially  the  question  of  the  shape  of 
entrance  and  the  conduction  of  heat  through  the  walls  of  the  nozzle  ; 
but  the  practical  man  would,  he  thought,  give  the  preference  to  the 
problem  described  at  the  beginning  of  this  Communication. 

Mr.  N.  Tesla  wrote  that  during  the  past  few  years  he  had  made 
extensive  experiments  with  nozzles  in  connection  with  his  steam- 
turbines,  in  which  the  flow  was  modified  through  a  number  of 
causes,  so  that,  according  to  conditions,  widely  different  values  were 
obtained.  He  was  expecting  to  give  an  account  of  his  investigations 
to  the  engineering  world  in  the  near  future. 

Professor  J.  B.  Henderson  wrote,  in  reply  to  the  Discussion, 
that  he  had  no  idea  that  his  Paper  would  produce  such  a  large 
and  interesting  budget  of  criticism.  The  suggestions  which  some 
contributors  had  made  would  be  of  great  assistance  to  the 
Committee  of  the  Institution  in  organizing  experimental  work  in 
the  future,  but  he  feared  that  a  correlation  of  the  experimental 
work  of  the  past  was  still  as  far  off  as  ever.  The  Paper  was  never 
intended  to  be  a  synopsis  of  the  work  of  others.  After  carefully 
studying  the  experimental  results  and  the  theory,  he  came  to  the 
conclusion,  rightly  or  wrongly,  that  a  basis  for  the  correlation  was 
still  lacking;  and  since  the  experimental  results  were  much  too 
voluminous  to  incorporate  in  a  Paper  without  such  a  basis,  he  was 
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forced  to  wTite  a  Paper  giving  simply  the  reasons  for  the  conclusion 
he  had  come  to.  Most  of  his  critics  had  understood  the  object  of 
the  Paper,  and  had  confined  their  remarks  to  amplification,  with 
the  view  of  helping  the  Committee.  For  all  kindly  criticism  and 
helpful  suggestions,  he  ofi'ered  his  heartiest  thanks. 

The  results  of  the  tests  on  the  bladeless  turbine,  which 
Mr.  Corthesy  and  Mr.  Dickson  were  now  working  at,  should  prove 
interesting,  whether  they  led  to  commercial  success  or  not. 

In  view  of  what  he  would  have  to  say  about  the  criticism 
of  another  contributor,  he  welcomed  the  support  of  Sir  George 
Greenhill  that  the  three-dimensional  problem,  even  with  the 
simplifying  assumptions  which  Helmholtz  applied  to  the  two- 
dimensional  one,  had  not  yet  been  solved. 

Dr.  Grindley's  work  on  Steam  was  well  known  to  the  writer, 
but  he  had  overlooked  Mr.  Batho's  Paper  on  the  heat-conduction 
efi'ects  in  nozzles,  and  he  would  have  welcomed  it  when  writing 
the  Paper.  It  was  unfortunate  that  Mr.  Batho's  Paper  was  not 
published  in  the  engineering  weekly  journals.  He  had  always  felt 
doubtful  as  to  how  far  the  temperature  reading  of  the  thermo- 
junction  placed  in  the  steam-jet  was  influenced  by  friction,  and  also 
by  radiation  from  the  walls  of  the  nozzle,  if  the  temperature  of 
the  walls  differed  from  that  of  the  steam.  In  Mr.  Batho's  work 
the  thermo- junction  was  in  a  composite  wire  held  taut  along  the 
axis  of  the  nozzle,  so  that  the  friction  would  be  of  the  same  order 
as  on  the  walls  of  the  nozzle.  The  influence  of  the  heat-conduction 
effects  might  also  be  investigated  by  comparing  nozzles  of  metal 
with  others  of  porcelain,  like  Mr.  Batho,  but  by  the  dift'erence 
method,  using  two  calorimeters.  There  was  room  for  plenty  of 
research  work  in  this  direction,  and  he  appreciated  Dr.  Grindley's 
suggestions  and  support  very  much. 

Mr.  Hudson  (page  274)  liad  introduced  a  new  method  into  a 
scientific  discussion,  a  method  which  was  common  enough  in  the 
political  world,  but  which  had  never  been  used  to  the  author's 
knowledge  in  scientific  circles.  He  o})jected  to  certain  statements 
in  the  Paper  (there  seemed  to  ))e  very  few  that  he  did  not  object 
to),  but  instead  of  pointing  out  where  these  were  wrong  in  any  one 
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single  instance,  he  gave  a  reference  to  another  writer  on  the 
subject,  and  suggested  that  the  proof  of  the  error  was  contained  in 
the  reference,  thus  placing  the  onus  of  proof  upon  the  author.  Such 
a  method  of  discussion  was  scarcely  fair  criticism.  Lest  some 
reader  should  think  the  author  feared  this  criticism,  he  had  not 
ignored  it  as  it  deserved,  but  had  spent  two  days  refreshing  his 
memory  about  some  of  the  Papers  quoted,  and  his  opinions  had  not 
altered.  Were  he  to  take  the  Papers  seriatim  and  show  the 
diflerences  between  the  problems  they  dealt  with  and  the  problem 
under  discussion,  he  would  have  to  write  two  or  three  additional 
Papers.  He  was  fortunate,  however,  in  having  a  criticism  of  the 
Paper  from  Professor  Stodola,  who  knew  all  these  Papers  cited  by 
Mr.  Hudson ;  in  fact  most  of  them  were  discussed  in  Professor 
Stodola's  treatise.  Now  Professor  Stodola  made  no  mention  in  his 
criticism  of  all  these  proofs  which  Mr.  Hudson  seemed  to  find  in 
the  Papers  quoted,  nor  could  he  (Professor  Henderson).  It  lay 
therefore  with  Mr.  Hudson  to  prove  his  statement  No.  1  (page 
274) :  — "  That  all  published  experimental  work  might  be 
co-ordinated  and  brought  into  line  with  theory  as  it  existed 
to-day."  (It  was  presumed  he  meant  could  be  co-ordinated).  In 
dealing  with  the  theory,  special  mention  of  the  assumptions 
underlying  the  several  proofs  should  be  made. 

The  Paper  had  been  written  on  the  assumption  that  the  readers 
would  be  familiar  with  Professor  Stodola's  treatise.  There  were 
many  interesting  problems  dealt  with  in  that  book  to  which  no 
reference  was  made  in  the  Paper.  Special  mention  might  be  made 
of  the  work  of  Lorenz,  Stodola,  Proell  and  Prandtl,  dealing  with 
the  effects  of  friction  in  the  flow  through  a  parallel  or  expanding 
tube,  and  on  the  distribution  of  pressure  in  the  nozzle  when  the 
back  pressure  was  raised.  This  was  a  most  interesting  piece  of 
work,  but  it  did  not  aflfect  the  chief  problem  discussed  in  the 
Paper,  which  was  the  passage  into  the  tube. 

The  problem  of  the  flow  up  to  the  throat  of  the  nozzle 
was  much  more  difficult  than  these,  and  had  defeated  the 
mathematicians  of  the  past.  When  it  was  finally  solved,  it  was 
not   likely   to   lie   hidden   in   some   obscure   journal,  because   the 
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mathematicians  were   fully  alive  to   its   importance  as  a  difficult 
theoretical  problem  having  important  practical  applications. 

There  seemed  to  be  a  misunderstanding  in  the  mind  of 
Mr.  Hudson,  and  also  of  some  of  the  other  critics,  a  confusion 
between  the  lateral  inertia  oscillations  which  were  discussed  in  the 
Paper,  and  the  oblique  waves  like  those  round  the  head  of  a 
projectile,  which  had  been  photographed  in  the  diverging  part 
of  the  nozzle.  It  was  presumed  that  the  readers  would  be 
familiar  with  the  phenomena  of  stationary  waves,  or  this  point 
might  have  been  discussed  at  greater  length. 


Fig.  18. 


■>v 
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Consider  an  ordinary  advancing  sound  wave,  advancing  to 
the  right.  The  points  of  normal  pressure  are  the  points  of  no 
velocity,  the  points  of  excess  pressure  have  velocity  to  the  right,  and 
the  points  of  defect  of  pressure  have  velocity  to  the  left.  Thus,  if 
the  curve  ABC,  Fig.  18,  represents  the  pressure  distribution  in  a 
sound  wave  moving  to  the  right,  the  particle  at  A  is  moving  to  the 
right  with  velocity  v,  and  that  at  C  is  moving  to  the  left  with 
velocity  v.  Kow  impress  on  the  system  a  velocity  to  the  left,  equal 
to  the  velocity  of  sound  V.  The  wave  of  pressure  is  now 
stationary,  the  velocity  at  A  is  V  —  v,  at  B  it  is  V,  and  at  C  it 
is  Y  -{-  V.  This  is  the  state  of  allairs  in  a  nozzle.  B  represents 
tlic    condition   at   the   throat,  and    from    B   to   C   represents   the 
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expanding  portion.  The  curve  ABC  may  have  any  shape,  since 
the  velocity  of  sound  is  the  same  for  all  shapes  of  waves.  This 
elementary  consideration  shows  that  the  velocity  exceeds  the 
velocity  of  sound  where  the  pressure  is  less  than  that  at  the 
throat,  and  is  less  than  the  velocity  of  sound  where  the  pressure 
exceeds  that  at  the  throat.     Consider  the  waves  to  be  in  air,  then 


V  =  \fypv  =  JyB.0,  so  that  Y  depends  only  on  the  absolute 
temperature  6.  Since  O^O^Oq,  and  the  velocity  at  B  is  the 
velocity  of  sound  in  air  of  the  temperature  at  B,  it  follows  that 
the  velocity  of  sound  in  air  of  the  temperature  at  C  is  less 
than  the  velocity  at  B,  and  still  less  than  the  velocity  of  the  air  at 
C.  It  is  therefore  impossible  for  a  pressure  wave  to  travel  along 
the  nozzle  ifrom  C  to  B  or  even  to  be  stationary  with  the  wave 
front  across  the  nozzle  between  B  and  C.  If,  however,  a  centre  of 
disturbance  exists  on  the  side  of  the  nozzle — say  a  file  mark,  it 
sends  out  waves  continually,  and  due  to  the  motion  of  the  air  the 
resultant  wave-front  is  inclined  to  the  direction  of  motion  at  a 
definite  angle  like  those  round  a  projectile,  from  which  angle  the 
velocity  can  be  deduced.  Magin's  beautiful  photographs  show 
these  waves  very  clearly. 

Again,  there  are  two  possible  conditions  of  flow  in  the 
expanding  portion  of  the  nozzle.  The  one  at  high  velocity  and  low 
pressure  discussed  above,  and  the  other  at  high  pressure  and  low 
velocity.  Any  obstruction  at  the  outlet,  or  rise  in  the  back 
pressure,  introduces  the  latter,  and  the  change  from  one  condition 
to  the  other  takes  place  suddenly  at  one  particular  section — 
determined  by  the  maximum  of  entropy  in  the  system.  In  the 
slower  moving  portion  at  high  pressure  the  velocity  is  such  that 
stationary  waves  are  again  possible  in  it;  at  least  they  occur 
when  the  back  pressure  is  not  raised  too  high,  as  is  shown  by 
Stodola's  experiments.  These  stationary  waves  were  set  up  by  the 
sudden  change  of  pressure.  They  are  not,  however,  the  inertia 
oscillations  referred  to  in  the  Paper.  They  might  be  the  cause  of 
the  irregular  erosion  near  the  outlet  of  the  nozzles  in  Sir  Andrew 
Noble's  experiments,  provided  that  the  inertia  effects  at  inlet  were 
equivalent  to  a  reduction  of  the  nozzle  section  at  inlet,  because  the 
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transverse  stationary  waves  could  only  occur  at  sections  of  greater 
diameter  than  the  throat  section. 

It  was  well  known  that  in  Professor  Stodola's  experiments  on 
nozzles  he  had  the  means  of  measuring  the  pressure  along  the 
whole  axis  of  the  nozzle,  but  did  he  do  so  ?  He  gave  his  results  in 
tabular  form  with  a  certain  interval  between  the  points.  Hence 
the  statement  was  correct,  to  which  Mr.  Hudson  had  objected  in 
his  No.  9  paragraph  (page  276). 

Most  engineers  were  familiar  with  the  many  attempts  which  had 
been  made  to  obtain  an  equation  of  the  form  jpv""  =  constant  for  the 
reversible  adiabatics  of  wet  steam..  Nobody  had  succeeded  yet 
in  getting  a  simple  expression  for  n  which  lent  itself  to  easy 
substitution  in  the  equations  of  flow,  but  no  doubt  someone 
would  succeed  in  time.  The  author's  failure  seemed  to  be  worth 
recording  as  another  in  the  list  Mr.  Hudson  cited,  but  it  seemed 
strange  that  Mr.  Hudson  should  resent  the  trial.  The  final  success 
would  be  due  probably  to  a  lucky  inspiration. 

Commenting  on  the  author's  students'  experiments  adversely, 
Mr.  Hudson  said  the  conclusion  arrived  at  was  "  the  flow  through  a 
nozzle,  when  it  was  hot,  was  some  2  to  6  per  cent,  greater  than  the 
corresponding  flow  when  the  nozzle  was  cold."  Apparently  he  did 
not  understand  the  object  of  the  experiment,  which  was  to  reverse 
the  heat  flow  through  the  metal  as  much  as  possible,  and  the  results 
were  given  in  equivalent  flow  of  steam,  not  actual  flow.  Mr.  Hudson's 
summary  bore  every  indication  that  he  resented  the  author's 
humble  venture  on  steam-nozzles  very  much.  His  whole  criticism 
led  one  to  the  conclusion  that  when  he  wrote  it,  he  had  been  studying 
steam-turbine  literature  very  hard  and  was  suflfering  from  an  attack 
of  mental  indigestion ;  which  was  not  to  be  wondered  at. 

Mr.  Jude  (page  284)  was  inclined  to  attribute  the  excessive 
discharge  to  the  segregation  of  the  water  in  the  jets  of  wet  steam 
into  "  strings  "  in  the  jet,  such  strings  being  visible.  The  globules 
of  water  must  naturally  flow  towards  the  points  of  maximum 
pressure  in  the  jet,  but  maximum  pressure  involved  maximum 
temperature,  hence  they  would  again  evaporate  to  some  extent. 
The  stringy  appearance  of  the  jet  was  most  probably  due  to  this 
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segregation  towards  the  loci  of  maximum  pressure,  because  in  the 
curved  flow  at  entry  the  centrifugal  pressure  gradient  must  be  very 
high.  There  was  no  self-evident  reason  why  such  a  segregation 
should  cause  an  excess  of  flow.  Since  the  excess  flow  was  to  be 
found  when  experimenting  with  air,  why  introduce  any  explanation 
which  would  not  apply  to  air  ?  Were  we  to  have  one  explanation 
for  air  and  another  for  vapours  ?  Professor  Stodola  favoured  the 
explanation  of  delayed  condensation  or  supercooling,  but  this  could 
not  apply  to  air.  He  investigated  this  point  in  1903,*  both 
theoretically  and  experimentally.  The  theory  showed  a  possible 
increase  of  flow  of  5  per  cent,  if  no  condensation  took  place  at 
all,  but  the  experimentaljmeasurement  of  the  temperature  in  the 
steam- jet  showed  a  temperature  little  above  that  of  wet  steam. 
The  theoretical  calculations  involved  the  factor  (w  —  1)  where  n  was 
the  ratios  of  the  specific  heats  of  superheated  steam.  Since  n  was 
not  known  accurately  to  0  •  1  per  cent.,  n  —1  was  not  known  to 
1  per  cent,  and  might  be  several  per  cent,  wrong.  Callendar 
deduced  the  value  n  =  9/7  =  1  •  2857  from  kinetic  theory,  but  later 
found  that  the  value  n  =  1  •  3  agreed  more  accurately  with  the 
results  of  his  throttling  experiments,  and  Stodola  has  used  the 
latter  value.  Until  the  excess  discharge  in  the  case  of  air  was 
explained  away  or  proved  not  to  exist,  however,  it  seemed 
unnecessary  to  look  for  explanations  which  would  not  apply 
to  air. 

The  jet-reaction  method  of  investigating  efficiency  used  by 
Dr.  Rosenhain  might  be  very  usefully  employed  for  comparing 
nozzles,  by  having  the  two  reactions  opposed  and  measuring  the 
difference,  the  suggested  comparative  method  also  being  used  for 
comparing  the  mass-flows.  Mr.  Jude's  suggestive  list  of  experiments 
would  keep  experimenters  busy  for  some  considerable  time.  His 
method  of  comparing  nozzles  in  series  was  certainly  worthy  of 
consideration.  The  chief  difficulty  would  be  to  get  a  stiU 
"atmosphere"  at  the  entry  to  the  second  nozzle  by  means  of 
baffle-plates  and  wire-gauze,  but  this  difficulty  was  not  insuperable. 

*  Zeit.  des  Ver.  deutscher  Ing.,  1903,  p.  1787. 
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Professor  INIellanby  (page  295)  favoured  the  surface  condenser 
and  gave  a  very  interesting  account  of  his  experiments.  The 
relative  advantages  of  surface  and  jet  condensers  were  discussed 
very  clearly  by  Professor  Rateau  in  favour  of  the  jet  type,  and  he 
(Professor  Henderson)  was  rather  inclined  to  agree  with  him. 
The  points  in  Professor  Mellanby's  curves  which  had  to  be 
explained  were :  (1)  Why  should  the  divergence  of  theory  from 
experiment  increase  with  increase  of  superheat  and  increase  to  such 
an  extent  ?  This  suggested  some  heat-conduction  effect.  (2)  Why 
should  the  straight-line  curve  of  experimental  discharge  suddenly 
bend  at  about  17°  superheat  ?  Perhaps  Professor  Mellanby  might 
be  able  to  offer  explanations  of  these  points.  With  surface 
condensers,  small  nozzles  had  to  be  used  and  the  heat-conduction 
effects  were  magnified. 

Mr.  Morley  (page  298)  pointed  out  clearly  the  difficulties 
of  obtaining  an  accurate  curve  of  the  distribution  of  pressure  near 
the  throat  of  the  nozzle,  and  it  seemed  that  other  methods  would 
have  to  be  employed  to  test  the  existence  of  the  transverse 
oscillations  such  as  those  suggested  in  the  Paper  by  the  erosion 
from  cordite  gases. 

Mr.  Ptowell  (page  301)  raised  the  question  as  to  the  relative 
effects  of  temperature  and  velocity  in  causing  erosion  of  gun  steels. 
Gunnery  experts  were  agreed  that  the  erosion  was,  for  practical 
purposes,  almost  entirely  due  to  temperature,  the  moving  gas 
serving  to  carry  away  the  eroded  particles.  The  erosion  in  guns 
was  also  very  greatly  decreased  by  a  relatively  small  reduction  in 
the  temperature  of  the  gases.  The  literature  on  this  subject  was 
largely  confidential.  Mr.  Rowell  also  raised  the  question  whether 
or  not  the  temperature  and  pressure  varied  together,  but  in  inverse 
order.  There  could  be  no  doubt  that,  as  the  pressure  of  the  gas 
varied  from  point  to  point,  the  temperature  must  vary  in  inverse 
order,  unless  it  was  assumed  that  the  gas  in  the  interval  had  gained 
heat  by  conduction.  Tliis  followed  directly  from  the  conservation 
of  energy. 

The  fiow  of  gas  from  i\\a  decomposition  of  cordite  was  not 
that  due  to  a  sudden  explosion,  or  detonation.     If  cordite  detonated, 
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it  burst  the  gun.  The  cordite  really  burned,  and  the  time  of 
burning  was  of  the  order  of  0*03  second,  so  that  in  0*03  second 
the  pressure  w^ould  have  reached  its  maximum  value,  and  the  flow 
would  then  proceed  for  a  considerable  fraction  of  a  minute,  the 
pressure  in  the  vessel  falling  ofi'  all  the  time.  The  erosion  would 
most  probably  occur  in  the  first  10  seconds.  Although  the  conditions 
were  not  quite  identical  with  those  prevailing  in  a  steam-nozzle, 
still  the  inertia  effects  of  the  gases  were  common  to  both,  and  the 
resultant  erosion  should  throw  light  on  the  phenomena  in  steam- 
nozzles. 

The  waves  in  the  diverging  nozzle  had  already  been  dealt  with, 
and  it  had  been  pointed  out  above  that  they  had  nothing  in  common 
with  the  inertia  oscillations  discussed  in  the  Paper,  as  Mr.  Rowell 
seemed  to  imagine,  other  than  that  both  were  waves  of  sound. 
Mr.  E,owell  regretted  that  the  author  had  not  mentioned 
Christlein's  good  work  on  Flow  through  Nozzles,  but,  as  had 
already  been  explained,  the  Paper  was  not  a  synopsis  of  the  work 
of  others,  and  the  experiments  mentioned  were  chosen  simply  as 
illustrations.  Also,  when  the  Paper  was  written,  Christlein's  work 
had  not  been  published  in  the  Zeitschrift.  Mr.  Kowell's  addition  of 
a  plate  showing  Prandtl's  photograph  of  the  waves  in  the  diverging 
nozzle  was  a  happy  thought. 

Every  one  who  had  worked  at  steam  problems  knew  the 
painstaking  work  which  Professor  Robert  H.  Smith  had  done,  and 
the  contribution  from  his  pen  was  a  welcome  one,  in  which  he 
usefully  summarized  a  portion  of  his  work  on  nozzles  and  kindred 
problems.  His  expression  for  the  index  of  v,  in  the  equation  for 
the  reversible  adiabatics  of  wet  steam  was  interesting,  as  w^as  also 
his  solution  of  the  best  form  of  the  nozzle  walls. 

Professor  Stodola's  suggestions,  based  on  Christlein's  work, 
should  prove  useful  to  the  Committee.  In  commenting  on 
Bendemann's  experimental  results,  in  which  a  flow  2  per  cent. 
greater  than  the  theoretical  was  measured,  Professor  Stodola  wrote 
that  he  did  not  think  that  this  difference  could  be  caused  by  the 
inequality  of  pressure  across  the  smaller  section,  and  continued 
(page  313) : — "  Indeed,  whether  one  supposed  that  there  were  parts 

2  A 
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with  less  or  with  greater  pressure  th.an  the  '  critical,'  the  effective 
flow  of  steam  should  not  be  greater,  but  less  than  the  theoretical. 
The  only  valid  hypothesis  was  the  appearance  of  supersaturation. . . ." 
This  w^as,  of  course,  a  mere  matter  of  opinion  and  no  proof  was 
given,  nor  could  a  proof  be  given  until  the  problem  of  the  flow  into 
a  nozzle  was  solved ;  and  as  had  already  been  pointed  out,  no  other 
explanation  had  been  offered  to  account  for  the  excess  flow  in 
the  case  of  air.  He  felt  very  grateful  to  Professor  Stodola  for  his 
kindly  criticism. 

In  conclusion,  the  author  presented  one  other  argument  as 
additional  evidence  that  the  velocity  of  the  gas  at  the 
throat  of  the  nozzle  exceeded  the  velocity  \/yJiO  to  which  the 
usual  theory  led.  Along  the  axis  of  the  nozzle  there  is  a 
stationary  sound-wave  which  must  be  advancing  through  the  gas, 
with  the  velocity  of  sound  in  the  gas  at  the  particular  section 
where  the  stream-lines  (if  such  exist)  are  parallel.  Now  the 
velocity  of  sound  is  only  equal  to  \/yR^  for  small  displacements, 
that  is,  for  small  pressure  gradients,  and  for  large  pressure  gradients 
or  loud  sounds  the  velocity  exceeds  \/yliO.  But  the  pressure 
gradient  near  the  throat  of  the  nozzle  is  very  steep,  corresponding 
to  a  very  loud  sound-wave,  hence  the  velocity  of  the  gas,  where  the 
stream-lines  are  parallel,  should  exceed  the  value  -s/yJiO,  that  is, 
it  should  exceed  the  velocity  to  which  the  generally  accepted 
theory  led. 
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Sir  William  Arrol,  LL.D.,  was  born  in  the  village  of  Houston, 
near  Paisley,  on  13th  February  1839,  and  soon  after  moved,  with  his 
parents,  to  Johnstone,  and  subsequently,  in  1850,  to  Paisley.  At 
an  early  age  he  entered  Coats'  mill,  being  engaged  in  the  turning- 
shop  or  spool  department,  and  it  is  interesting  to  mention  that 
he  became  ultimately  one  of  the  directors  of  this  large  industrial 
concern.  At  the  age  of  fourteen  he  was  apprenticed  to  Mr.  Thomas 
Reid,  blacksmith,  in  Paisley,  and  on  its  completion  he  worked  in 
various  towns  in  England  and  Scotland,  by  which  he  gained 
experience.  In  1863,  when  only  twenty-four  years  of  age,  he 
became  foreman  in  Laidlaw's  boiler  works  in  the  Bridgeton  district 
of  Glasgow.  There  he  continued  for  five  years,  after  which  he 
started  business  on  his  own  account.  His  capital,  formed  of  his 
savings,  amounted  to  <£85.  From  .this  small  beginning  there  has 
arisen  the  largest  structural  steel  works  in  the  United  Kingdom, 
occupying  about  20  acres  and  employing  at  times  something  like 
5,000  men.  Four  years  after  he  began  business,  he  built  the 
Dalmarnock  Works,  which  were  only  on  a  small  scale,  about 
thirty  men  being  employed  in  the  shops.  His  first  important  work 
was  the  erection,  in  1875,  of  a  viaduct  over  the  River  Clyde  at 
Bothwell,  for  the  Caledonian  Railway  Co.  The  next  important 
work  was  the  building  of  the  very  heavy  viaduct  across  the  Clyde 
at  Glasgow,  to  carry  the  main  line  of  the  Caledonian  Railway  from 

the  then   terminal   station  south  of   the   river   into   the   existino- 

o 

central  station.  In  this  work,  begun  in  1875,  he  introduced  the 
multiple  driU,  so  that  the  plates  in  the  booms  could  be  drilled  when 
superposed,  and  he  also  applied  for  the  first  time  his  hydraulic 
riveter  for  closing  the  rivets  through  these  heavy-plated  booms. 
He,  however,  found  great  difficulty  in  getting  flexible  supply-pipe 
to  withstand  an  hydraulic  pressure  of  1,000  lb.  per  square  inch,  but 
by  making  lengthy  experiments  he  devised  a  satisfactory  pipe. 
[The  I.Mech.E.]  2  a  2 
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The  most  prominent  works  accomplished  by  Sir  William  were 
the  reconstruction  of  the  viaduct  over  the  Firth  of  Tay,  and  the 
building  of  the  great  cantilever  bridge  over  the  Firth  of  Forth. 
Neither  Sir  WilHam  noi'  his  firm  had  any  association  with  the  first 
Tay  Bridge,  which  was  built  1870-8,  and  partially  destroyed  by  a 
gale  in  1879 ;  but  the  late  Mr.  W.  H.  Barlow,  the  engineer  for  the 
reconstruction  of  the  Tay  Bridge,  secured  his  co-operation.  The 
problem  was  a  difficult  one,  owing  not  only  to  the  greatness  of  the 
work,  but  also  to  its  exposed  position.  Contemporaneously  with 
the  reconstruction  of  the  Tay  Bridge,  he  was  engaged  on  the  Forth 
Bridge,  which  was  designed  by  the  late  Sir  John  Fowler,  Bart.,  and 
the  late  Sir  Benjamin  Baker,  K.C.B.  The  work  was  begun  in  1883, 
and  the  bridge  was  opened  by  the  late  King  Edward  VII  (then 
Prince  of  Wales)  in  March  1890.  On  the  occasion  of  the  Summer 
Meeting  of  this  Institution  being  held  in  Edinburgh  in  August 
1887,  visits  were  made  to  both  the  Forth  and  Tay  Bridges,  and  a 
Paper  *  on  "  The  Machinery  employed  at  the  Forth  Bridge  Works  " 
was  read  by  Sir  (then  Mr.)  WilHam  Arrol.  The  preparation  of  the 
machinery  alone  occupied  a  year,  and  the  temporary  plant  cost 
about  £500,000.  In  the  structure  itself  and  its  approaches  there 
were  used  51,000  tons  of  steel.  The  length  is  8,295  feet  9 J  inches, 
and  the  height  is  150  feet  above  high- water  mark.  It  was  in 
connection  with  the  opening  of  this  bridge  that  he  received  the 
honour  of  Knighthood,  and  soon  afterwards  the  University  of 
Glasgow  conferred  upon  him  the  honorary  degree  of  Doctor 
of  Laws. 

Sir  William  was  also  engaged  in  the  construction  of  many  of 
the  bridges  for  railways  and  roads  over  the  Manchester  Ship  Canal, 
and  was  responsible  for  the  steel  work  of  the  Tower  Bridge  across 
the  Thames.  He  was  among  the  first  to  advocate  the  substitution 
of  steel  for  timber  in  the  roofs  of  factory  shops.  He  did  not  take 
much  part  in  public  life,  nor  in  the  work  of  technical  societies.  He 
became  a  Member  of  this  Institution  in  1887,  and  served  on  the 
Council  during  1899-1900.     Ho  was  also  a  Fellow  of  the   Iloyal 


♦  Proceedings,  I.Mech.E.,  1887,  page  312. 
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Society  of  Edinburgh,  and  was  President  of  the  Institution  of 
Engineers  and  Shipbuilders  in  Scotland  from  1895-97.  For  fifteen 
years — 1892  to  1906 — he  represented  South  Ayrshire  in  Parliament, 
but  rarely  spoke,  although  his  knowledge  of  industrial  affairs  was 
often  utilized  in  connection  with  Parliamentary  Bills.  He  was  a 
Deputy  Lieutenant  for  the  County  of  the  City  of  Glasgow,  and  a 
Justice  of  the  Peace  for  the  County  of  Ayr.  During  the  past  few 
years  he  did  not  take  the  same  active  part  in  the  business  of  his 
firm,  which  was  converted  into  a  limited  company  in  1895,  with 
Sir  William  as  chairman.  His  death  took  place,  after  several 
weeks'  illness  due  to  an  attack  of  influenza,  at  his  residence  at  Ayr, 
on  20th  February  1913,  at  the  age  of  ^eventy-four. 

Percy  KiCHARD  Bradford  was  born  in  London  on  18th  January 
1877.  He  was  educated  at  Rugby,  Hanover,  and  Berlin,  and  in 
1894  was  articled  to  Mr.  S.  R.  J.  Smith,  F.R.I.B.A.,  London. 
During  the  period  of  his  articles  he  was  engaged  on  the  construction 
of  iron  and  steelwork  on  various  buildings,  including  the  Tate 
Gallery,  Millbank ;  Cripplegate  Institute,  London,  etc.  In  1896  he 
entered  the  office  of  his  father — Mr.  William  Bradford,  of  London — 
who  is  a  brewers'  consulting  engineer,  and  was  engaged  on  the 
designing  of  plant  for  breweries.  Two  years  later  he  joined  his 
father  in  partnership,  and  took  an  active  part  in  the  business  of  his 
firm,  among  which  may  be  mentioned  the  design  of  plant  for  the 
Cannon  Brewery,  London ;  Mile  End  Distillery  ;  Charrington  and 
Co.'s  Brewery ;  Taylor,  Walker  and  Co.'s  Brewery ;  Mann,  Grossman 
and  Paulin's  Brewery  ;  Cheltenham  Brewery,  etc.  He  had  travelled 
extensively,  principally  to  study  methods  of  construction.  His 
death  took  place  in  London  from  pneumonia,  on  19th  February 
1913,  at  the  age  of  thirty-six.  He  was  elected  an  Associate 
Member  of  this  Institution  in  1908;  he  was  also  a  Member  of  the 
Architectural  Association  and  of  the  Institute  of  Brewing. 

James  Ludovic  Lindsay,  26th  Earl  of  Crawford  and  9th  Earl 
OF  Balcarres,  K.T.,  was  born  at  St.  Germain-en-Laye,  France, 
on  28th  July   1847,  being  the  son   of  the    25th  Earl,   whom   he 
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succeeded  in  1880.  He  was  educated  at  Eton  and  Trinity  College, 
Cambridge,  where  he  devoted  himself  to  astronomy,  and  soon  won 
distinction.  With  the  aid  of  his  father,  he  built  an  observatory  at 
Dunecht,  Aberdeenshire,  which,  together  with  its  equipment  and 
valuable  library  of  mathematical  and  astronomical  works,  he 
presented  to  the  nation.  In  1878  and  1879  he  (bearing  the 
courtesy  title  of  Lord  Lindsay)  was  President  of  the  Royal 
Astronomical  Society,  and  in  the  former  year  was  nominated  as  an 
Honorary  Life  Member  of  this  Institution.  During  part  of  1905 
and  1906  he  made  a  scientific  expedition  in  his  steam-yacht 
^'  Valhalla "  to  South  America,  South  Africa,  Ceylon,  and 
Madagascar,  and  brought  back  a  collection  of  rare  birds  which  he 
presented  to  the  Zoological  Society.  From  1874  to  1880  he  was 
Member  of  Parliament  for  Wigan,  where  he  owned  valuable 
property,  and  it  was  at  Haigh  Hall,  Wigan,  that  his  magnificent 
library  was  housed.  For  many  years  he  was  chairman  of  the 
Wigan  Coal  and  Iron  Co.,  and  was  president  of  the  Wigan  and 
District  Chamber  of  Commerce.  Stamp-collecting  was  another 
pursuit  in  which  he  was  greatly  interested,  and  he  formed  one  of 
the  most  valuable  collections  in  England.  Lord  Crawford  and  his 
predecessors  had  sat  in  Parliament  since  the  beginning  of  the  12th 
century  as  peers,  and  in  1898  he  celebrated  the  500th  anniversary 
of  his  Earldom.  He  was  created  a  Knight  of  the  Thistle  in  1891  ; 
and  was  a  Knight  of  Grace  of  St.  John  of  Jerusalem,  and  a 
Commander  of  the  Legion  of  Honour.  He  had  been  in  indiflferent 
health  for  some  time,  and  was  accustomed  to  winter  abroad.  His 
death  took  place  at  his  town  house  in  Cavendish  Square,  on  31st 
January  1913,  in  his  sixty-sixth  year. 

George  Frederick  St.  Clair  Harden  was  born  at  T:\ndragee, 
Ireland,  on  2Gth  May  1878,  being  the  son  of  Mr.  R.  J.  Harden, 
D.L.,  J.I*.  Aftc^r  MU  elementary  education,  he  w(int  to  Rossall  School 
in  1893,  and  three  }ears  later  he  began  a  thn^e  years'  pupilage  with 
Messrs.  Ernest  Scott  and  Mountain,  (;l(;ctrical  and  general  engineers, 
Newcastle-on-Tyne.  Dui-ing  tliis  time  ho,  also  attended  lectures  on 
engineering  subjects  at  the  Durham  College  of  Science.     On  the 
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completion  of  his  apprenticeship  he  worked  for  six  months  in  the 
drawing-office  of  the  same  firm.     In  September  1899  he  took  up 
the    position    as    inspector    of    electrical    machines   with    Messrs. 
Crompton  and  Co.,  Chelmsford,  and  for  some  time  was  in  charge  of 
their  inspection  department.     This  was  followed  by  his  transfer  to 
the  estimating  department  where  he  was  engaged  for  one  year,  and 
then  he  was  appointed  resident  engineer  in   Scotland  for  Messrs. 
Crompton  and  Co.,  having  also  charge  of  the  firm's  Scottish  and 
Irish  offices.     In  January  1906  he  was  transferred  to  the  London 
office,  where   he  acted  as  assistant   in    the  sales    department,  and 
in  1910,  on  this  department  being  moved  to  Chelmsford,  he  was 
appointed  manager   of  the  sales  branch  for   the   London  District. 
In  IS^ovember  1911  he  developed  a  severe  cold  which  was  diagnosed 
as  tuberculosis  of  both  lungs  and  throat,  and  he  was  ordered  to 
undergo  open-air  treatment.     This  was  so  eflfective  that  within  a 
year    he    was  practically  cured  ;    unfortunately  he  caught  cold   at 
Christmas  1912,  and  this  developed  into  congestion  of  the  lungs, 
which  terminated  fatally  on  6th  February  1913,  in  his  thirty-fifth 
year.     He  was  elected  a  Graduate  of  this  Institution  in  1901,  and 
an  Associate  Member  in  1904. 

Daniel  Longworth  was  born  at  Belfast  on  21st  October  1846. 
Having  been  trained  as  an  engineer,  he  went  to  India  as  manager 
for  Messrs.  Fraser,  Miller  and  Co.,  of  Bombay,  and  in  1883  he 
joined  Messrs.  Finlay,  Muir  and  Co.,  who  then  took  the  Carnac 
Iron  Works.  He  occupied  the  post  of  manager  until  1885,  when 
he  purchased  the  works  and  became  sole  proprietor.  In  1889 
he  decided  to  retire  to  England,  and  sold  the  works  to  Messrs. 
Allcock,  Ashdown  and  Co.  He  remained  in  England  for  a  period 
of  eleven  years,  when,  owing  to  financial  losses,  he  was  compelled  to 
augment  his  income,  and  accepted  the  position  offered  to  him  of 
assistant  secretary  and  manager  to  Messrs.  Allcock,  Ashdown  and 
Co.,  of  Bombay.  In  1910,  on  the  retirement  of  Mr.  Hepworth,  he 
was  appointed  director  and  senior  secretary  and  manager  of  the 
Company,  which  positions  he  held  until  his  death.  Among  the 
inventions  he  brought  out   may  be  mentioned  that  of  a  power- 
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hammer,  on  which  he  contributed  a  Paper  to  this  Institution ;  * 
and  later  improvements  in  it  were  described  in  a  Paper  f  by  Mr. 
Ernest  Samuelson.  His  death  took  place  in  Bombay  on  17th 
January  1913,  at  the  age  of  sixty-six.  He  became  a  Member 
of  this  Institution  in  1880. 

Charles  Edward  Oxbrow  was  born  at  Maldon,  Essex,  on  4th 
June  1882.  After  an  elementary  education  at  local  schools,  and 
subsequent  private  study,  he  was  articled  in  1899  to  Mr.  H.  G. 
Keywood,  Engineer  to  the  Maldon  Rural  District  Council,  whom 
he  assisted  until  1904 ;  and  during  this  period  he  attended  technical 
classes.  From  1904-07  he  was  engaged  as  contractor's  engineer 
with  Messrs.  J.  and  H.  Robus,  of  Westminster,  being  employed  on 
the  construction  of  various  gas,  water,  and  engineering  installations  ; 
and  during  a  part  of  the  time  he  acted  as  resident  engineer  to  the 
South  Oxfordshire  Water  and  Gas  Co.'s  extensions.  In  1908  he 
was  appointed  manager  and  secretary  to  the  Holyhead  Water  Co., 
but  was  compelled  to  resign  owing  to  breakdown  in  health.  After 
he  had  recovered,  he  obtained  the  post  of  resident  engineer  to  the 
Thirlmere  Water  scheme  of  the  Leyland  Urban  District  Council, 
Lanes.,  and  subsequently  received  an  appointment  on  the  main 
Thirlmere  Water  scheme  of  the  Manchester  Corporation,  directly 
under  the  chief  engineer.  This  position  he  held  until  the  time  of 
his  death,  which  took  place  after  a  few  days'  illness,  at  Patricroft, 
on  19th  January  1913,  in  his  thirty-first  year.  He  was  elected  a 
Graduate  of  this  Institution  in  1906,  and  an  Associate  Member  in 
1910;  he  was  also  an  Associate  Member  of  the  Institution  of 
Water  Engineers. 

James  KussEUi  Ross  was  born  at  Newarthill,  near  Bothwell, 
Lanarkshire,  on  9th  October  1850.  He  was  educated  at  tlie  local 
school  and  at  Gartsherrie  Academy,  and  in  1875  commenced  an 
apprenticeship   of    five  years  with    Messrs.   Millar   and   Anderson, 


*  Procoedingfl,  I.Mech.E.,  1882,  pago  204. 
t  Ibid,  11)00,  pago  99. 
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Yiilcan  Foundry,  Coatbridge.  During  his  apprenticeship  he  also 
attended  technical  classes  in  the  evening,  at  Coatbridge,  and  on  its 
completion  he  remained  with  the  same  firm  as  outside  foreman. 
In  1887  he  became  foreman  engineer  with  Messrs.  William 
Beardmore  and  Co.,  which  position  he  held  for  six  years,  when  he 
was  appointed  engineer  manager,  and  this  post  he  held  until  his 
death.  He  was  associated  with  the  construction  of  rolling  mills 
for  armour  and  ship  plate,  and  was  responsible  for  the  mechanical 
branch  of  most  of  Messrs.  Beardmore's  erections  since  he  joined 
them.  In  later  years  he  was  interested  in,  and  was  an  authority 
on,  recovery  gas  plants  and  gas-engines  for  power  production  and 
rolling-mill  driving.  He  also  superintended  the  design  and  erection 
of  the  first  three-high  gas-engine-driven  rolling  mill  in  Great 
Britain  at  the  Mossend  Works  of  Messrs.  Beardmore.  His  death 
took  place  suddenly,  after  an  illness  of  three  weeks,  in  Glasgow,  on 
4th  February  1913,  at  the  age  of  fifty-six.  He  became  a  Member 
of  this  Institution  in  1905. 

Robert  Millar  Russell  was  born  in  Glasgow  on  10th  May 
1874.  His  general  education  was  obtained  at  the  John  Street 
Public  and  Hutcheson  Town  Grammar  Schools,  Glasgow,  and  then 
in  1891  he  commenced  an  apprenticeship  of  five  years,  of  which  one 
year  was  spent  in  the  works  of  Messrs.  James  Laidlaw,  Glasgow, 
and  four  years  at  the  London  Road  Iron  Works,  Glasgow.  During 
this  period  he  also  attended  classes  at  the  Andersonian  College. 
On  the  completion  of  his  apprenticeship  he  worked  for  nearly  four 
years  as  a  pattern-maker  and  fitter  with  Messrs.  Diibs  and  Co., 
Messrs.  James  Bennie  and  Sons,  the  Steel  Company  of  Scotland, 
and  the  Mirrlees,  Watson  and  Yaryan  Co.,  of  Glasgow.  In 
December  1899  he  went  to  India  and  became  foreman  pattern- 
m.aker  at  Messrs.  Burn  and  Co.'s  Works,  Howrah.  Five  years 
later  he  was  promoted  to  be  assistant  engine-shop  manager,  and 
subsequently  acted  as  manager  when  the  latter  was  on  leave. 
In  December  1911  he  left  Messrs.  Burn  and  Co.  to  commence 
business  on  his  own  account,  and  was  developing   the  enterprise 
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at  the  time  of  his  death,  which  took  place  at  Calcutta,  on 
7th  December  1912,  at  the  age  of  thirty-eight.  He  became  an 
Associate  Member  of  this  Institution  in  1907. 

Colonel  Frank  Shuttleworth  was  born  at  Lincoln,  on  16th 
February  1845,  being  the  second  son  of  the  late  Mr.  Joseph 
Shuttleworth,  of  Hartsholme  Hall,  Lincoln.*  On  leaving  school  he  was 
sent  to  France  and  Germany  to  complete  his  education,  and  in  1860 
he  was  gazetted  Cornet  in  the  1 1th  Hussars,  then  quartered  at  Dublin. 
In  the  following  year  he  sailed  with  his  regiment  to  India,  and  shortly 
after  its  arrival  in  Bombay  the  Abyssinian  War  broke  out,  when  he 
volunteered  for  active  service.  Owing  to  the  regiment  only  having 
recently  landed  in  India,  this  offer  was  not  accepted.  At  the  age 
of  twenty-four  he  returned  to  England,  and  in  1870  he  exchanged 
to  the  7th  Hussars,  in  which  regiment  he  served  for  twelve  years, 
being  promoted  Captain  in  1871,  and  Major  1882.  On  the  death  of 
his  father  in  1883  he  retired  from  the  Army,  and  succeeded  to  the 
Old  Warden  and  the  Goldington  Estates  in  Bedfordshire,  his 
brother  receiving  the  Lincolnshire  Estates.  In  his  recreations  he 
was  an  all-round  sportsman,  being  a  member  of  the  Boyal  Yacht 
Squadron,  the  Four-in-Hand  and  Coaching  Clubs,  and  other  clubs. 
For  twenty-five  years  he  was  a  director  of  tlie  Great  Northern 
Railway  Co.,  where  his  sound  business  capacity  was  long  recognized. 
He  was  a  Justice  of  the  Peace,  and  in  1891  was  High  Sheriff  of 
Bedfordshire.  His  death  took  place  suddenly  from  heart  failure 
at  his  London  residence,  on  24th  January  1913,  in  his  sixty-eighth 
year.     He  became  a  Member  of  this  Institution  in  1885. 

Henry  Waring  was  born  at  Grange,  Co.  Wexford,  on 
5th  November  1855.  He  was  educated  at  a  Friend's  school  and  at 
Budapest,  wlu'ic;  liis  father  was  engaged  in  engineering  work  for 
Messrs.  llansomes,  Sims  and  HcmuI,  of  Ipswich,  with  which  iirm 
he  served  an  ap{)renticeship  from  1872-G.  During  the  next  six 
years    he    was    engaged    by   the    same    firm    in    charge  of    their 

*  Proceedings  I.Mccb.l*".,  1884,  page  G9. 
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macluneiy  in  Germany,  Austria,  Hungary,  Turkey,  and  Poland. 
From  1882-7  lie  superintended  in  conjunction  with  Mr.  John 
Wigham,  who  was  head  of  the  firm  of  Messrs.  J.  Edmundson  and 
Co.,  Stafibrd  Works,  Dublin,  the  erection  of  lighthouse  apparatus 
at  INIew  Island,  Tuskar  Rock,  and  Tory  Island,  on  the  Irish  coast. 
For  a  number  of  years  he  was  resident  engineer  to  the  Dublin 
Laundry  Co.,  Milltown,  Co.  Dublin,  having  sole  control  of  the 
machinery,  gas-making  and  water-softening  plant ;  during  the 
later  years  of  his  life  he  was  director  of  the  Terenure  Laundry 
Co.,  Dublin.  His  death  took  place  at  his  residence  at  Rathgar, 
Dublin,  on  10th  January  1913,  at  the  age  of  fifty-seven.  He 
became  a  Graduate  of  this  Institution  in  1888,  and  was  transferred 
to  Associate  Membership  in  1905.  He  was  also  a  Member  of  the 
Council  of  the  Engineering  and  Scientific  Association  in  Dublin. 

Harold  Metford  Warner  was  born  in  London  on  12th  March 
1877.  Having  been  educated  at  private  schools,  he  attended  the 
Central  Technical  College,  South  Kensington,  from  1895  to  1898, 
and  obtained  the  diploma  of  Associateship.  He  then  served  an 
apprenticeship  of  three  years  with  Messrs  Ransomes,  Sims  and 
Jefteries,  of  Ipswich,  and  on  its  termination  at  the  end  of  1901  he 
became  an  assistant  and  draughtsman  with  Messrs.  Maw,  Dredge, 
and  Hollingsworth,  consulting  engineers,  of  Bedford  Street,  Strand, 
London.  In  this  capacity  he  was  engaged  in  the  testing  of  engines 
and  boilers,  and  the  inspection  of  materials  for  constructional  work. 
Early  in  1906  he  left  this  position  and  joined  the  staff  of  Mr.  W.  J. 
Cud  worth,  who  was  then  engineer  for  the  Northern  Division  of 
the  North  Eastern  Railway,  and  served  for  nine  months  under  the 
resident  engineer  at  Hull.  In  1907  he  went  to  Canada,  and  was 
occupied  for  a  year  on  the  arrangemient  of  machinery,  etc.,  in  steel 
works  in  Montreal.  He  returned  to  England  in  the  following  year, 
having  received  an  offer  from  Messrs.  Ford,  Ayrton  and  Co.,  silk 
spinners,  of  Low  Bentham,  Yorkshire,  to  undertake  the  complete 
charge  of  the  engines,  boilers,  machinery,  and  plant  of  the  mill. 
This  position  he  held  to  the  time  of  his  death,  which  took  place, 
after  a  brief  illness,  on  21st  February  1913,  in  his  thirty-sixth  year. 
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He  was  elected  a  Graduate  of  this   Institution  in   1901,  and  an 
Associate  Member  in  1903. 

Sir  William  Hexry  White,  K.C.B.,  LL.D.,  D.Sc,  F.R.S.,  was 
born  at  Devonport  on  2nd  February  1845,  and,  after  education  in 
the  local  schools,  began  work  as  an  apprentice  shipwright  in  the 
Royal  Dockyard  in  his  native  town,  attending  meanwhile  the 
dockyard  school,  in  which  he  won  an  Admiralty  scholarship  in  1863. 
At  that  time  the  Admiralty  decided  to  establish  the  Royal  School 
of  Naval  Architecture  at  South  Kensington,  in  conjunction  with 
the  Science  and  Art  Department — a  school  which  was  merged 
subsequently  in  the  Royal  Naval  College  at  Greenwich  ;  and  at  the 
earliest  entrance  examination  he  took  first  place,  and  continued 
during  his  three  years'  studentship  to  be  first,  graduating  in  1867 
with  the  Diploma  of  Fellow  (first  class).  In  that  year  he  entered 
the  Admiralty,  was  promoted  to  the  rank  of  Assistant  Constructor 
in  1875,  advanced  to  Chief  Constructor  in  1881,  and,  after  about 
two  years  at  Elswick,  returned  to  the  Admiralty  as  head  of  the 
Constructive  Department,  holding  the  oftices  of  Director  of  Naval 
Construction  and  Assistant  Controller  of  the  Royal  Navy  from 
October  1885  to  February  1902,  when  he.  retired  owing  to  ill-health. 
During  his  35  years'  career  at  the  Admiralty  he  won  high 
recognition  for  original  and  .arduous  work  in  connection  with  the 
development  of  the  science  of  naval  architecture  generally.  When 
at  Elswick  Works,  from  1883-85,  he  designed  warships  for  Austria, 
Italy,  Spain,  China,  and  Japan,  while  his  designs  for  two  United 
Stjites  cruisers  were  bought  by  the  authorities  at  Washington.  On 
his  return  to  the  Admiralty  in  1885,  the  Navy  was  in  an 
unsatisfactory  condition,  being  made  up  of  a  great  variety  of  types, 
but  on  Lord  George  Hamilton's  scheme  embodied  in  the  Naval 
Defence  Act  of  1889  being  passed.  Sir  William  (then  Mr.)  White 
availed  himself  of  the  opportunity  of  achieving  homogeneity  of  types. 
The  result  was  the  eight  ships  of  the  "  Royal  Sovereign  "  class. 
Under  the  Spencer  programme  of  1 894  lie  produced  nine  "  Majesties," 
and  in  these  ho  was  aljlo  to  rciduco  th(^  thickness  of  armour  to 
9  inches  over  the  water-lino,  owing  to  the  progress  made  in  the 
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supercarburization  and  chilling  of  the  steel.  The  last  ships  he 
designed  were  those  of  the  King  Edward  VII  class,  of  which  eight 
were  built.  During  his  seventeen  years'  tenure  of  office  he  was 
responsible  for  the  design  and  construction  of  43  battleships, 
26  armoured  cruisers,  21  first-class,  48  second-class,  and  33  third- 
class  protected  cruisers,  and  74  smaller  vessels,  exclusive  of 
destroyers.  These  245  vessels  cost  about  .£100,000,000.  He  was 
rewarded  by  being  created  a  Companion  of  the  Order  of  the  Bath 
in  1891,  a  Knight  Commander  of  the  Bath  in  1895,  and  by 
receiving  a  special  grant  from  Parliament  in  recognition  of 
"  exceptional  services  to  the  Navy." 

After  he  had  regained  his  health,  which  had  been  so  undermined 
by  his  strenuous  work  at  the  Admiralty,  he  gradually  took  up 
various  appointments  where  his  experience  and  ability  were 
valuable.  Thus,  he  was  on  the  Cunard  Commission  which 
determined  the  type  of  machinery  to  be  installed  in  the  "  Lusitania  " 
and  "  Mauretania,"  and  was  a  director  of  Messrs.  Swan,  Hunter 
and  Wigham  Richardson,  the  builders  of  the  latter  vessel.  He  was 
a  director  of  Parsons  Marine  Turbine  Co.,  and  of  the  Grand  Trunk 
Railway  Co.  from  the  time  they  entered  upon  the  ownership  of 
steamships,  and  lately  was  appointed  a  Commissioner  by  the 
Government  to  inquire  into  the  question  of  load-lines  of  merchant 
ships.  His  "Manual  of  Naval  Architecture,"  first  published  in 
1877,  and  since  revised,  is  a  standard  work,  and  has  been  translated 
into  German,  Italian,  Russian,  and  Spanish,  and  no  less  valuable  is 
his  "  Treatise  on  Shipbuilding."  In  his  early  days  at  the  Admiralty 
he  had  been  entrusted  by  Sir  Edward  Reed  with  the  solutions  of 
scientific  problems  in  design  and  with  the  preparation  of  much  data 
for  Sir  Edward's  books  on  naval  architecture,  and  for  eleven  years 
— 1870  to  1881 — he  was  lecturer  at  the  Royal  School  of  Naval 
Architecture,  which  in  the  interval  was  removed  to  Greenwich. 

Numerous  societies  honoured  him  by  electing  him  to  offices  of 
distinction.  He  was  a  Honorary  Vice-President  of  the  Institution 
of  Naval  Architects,  and  a  Fellow  of  the  Royal  Society.  He  was 
elected  a  Member  of  this  Institution  in  1888,  was  a  Member  of 
Council  from  1890  to  1897,  when  he  was  elected  Vice-President, 
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and  occupied  the  Presidential  Chair  in  1899  and  1900.  From  then 
onwards  he  still  showed  keen  interest  in  the  work  of  the  Institution, 
and  frequently  attended  the  various  Committee,  Council,  and 
General  Meetings.  For  his  Presidential  Address*  he  took  the 
subject  of  "  The  Connection  between  Mechanical  Engineering  and 
modern  Shipbuilding."  Although  he  contributed  numerous  Papers 
to  various  technical  societies,  the  only  Paper  he  gave  to  this 
Institution  was  at  the  Summer  Meeting  in  Portsmouth  in  1892, 
entitled  "  Shipbuilding  in  Portsmouth  Dockyard."  f  On  the 
occasion  of  the  Plymouth  Meeting  in  1899  under  his  Presidency, 
the  opportunity  was  taken  by  his  native  Borough  of  Devonport  to 
present  him  with  the  Freedom  of  the  Borough;  and  in  1902  the 
INIembers  of  the  Council  presented  an  excellent  portrait  of  Sir 
William  to  this  Institution.  All  through  his  career  he  had  seen 
the  necessity  for  the  combination  of  theoretical  and  practical 
training,  and  had  done  much  to  foster  research  work ;  this  was 
exemplified  by  the  continuous  interest  he  took  in  the  work  of  the 
Alloys  Research  Committee  of  tliis  Institution,  of  which  he  was 
Chairman  from  1899  to  the  time  of  his  death.  During  1903-4  he 
was  President  of  the  Institution  of  Civil  Engineers,  and  in  1909  he 
filled  the  Chair  of  the  recently-formed  Institute  of  Metals.  He 
was  President- Designate  of  the  British  Association  for  this  year, 
of  the  Mechanical  Science  Section  of  which  he  was  President  a  few 
years  ago.  To  each  Institution  he  delivered  an  Address  which  was 
worthy  of  him  and  characterized  by  breadth  of  view.  lie  greatly 
encouraged  all  technical  colleges  and  was  frequently  in  request  as 
a  speaker  at  the  distribution  of  prizes  and  other  functions.  He 
received  honours  from  s(;v(!ral  Universities.  He  was  a  ]XSc.  of 
Cambridge,  an  LL.D.  of  Glasgow,  a  D.Eug.  of  ShelHeld,and  a  D.Sc. 
of  Durham  and  of  Columbia,  N.Y.  Ho  was  a  Past-Master  of  the 
Shipwrights'  Company  of  London.  Many  foreign  Institutions 
honoured  him,  and  in  1911  the  "John  Fritz  Medal"  was  awarded 
him  for  his    "nota])le  iicliievements  in  naval  architecture,"  by  a 


♦  Proceedings,  I.Moch.E.,  1899,  pago  15;j. 
t  Ibid,  18'J2,  pago  232. 
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special  Board  of  Award  appointed  by  the  four  leading  engineering 
societies  in  America ;  and  the  King  of  Denmark  conferred  upon 
him  the  dignity  of  Knight  Commander  of  the  Order  of  Dannebrog. 
His  death  took  place  suddenly  after  a  paralytic  seizure  at  his  office 
in  Westminster,  on  27th  February  1913,  at  the  age  of  sixty-eight. 
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PROCEEDINGS. 


March  1913. 


An  Ordinary  General  Meeting  was  held  at  the  Institution  on 
Friday,  14th  March  1913,  at  Eight  o'clock  p.m. ;  Sir  H.  Frederick 
Donaldson,  K.C.B.,  President,  in  the  Chair. 

The  President,  before  proceeding  to  business,  said  the 
Institution  and  the  profession  at  large  had  to  mourn  the  deaths 
of  two  very  eminent  men.  The  first,  taking  them  in  the  order 
of  the  dates  of  their  death,  was  that  of  Sir  WiUiam  Arrol,  who 
was  a  man  who  brought  to  the  service  of  engineering  and  to 
mankind  in  general,  powers  of  quite  unusual  greatness.  He  was 
eminent,  and  threw  a  lustre  peculiarly  his  own  upon  the  Profession 
and  upon  everything  which  he  undertook.  His  loss  was  great  to 
the  Profession  ;  his  loss  was  great  to  the  Institution.  The  Council 
at  their  Meeting  that  day  had  resolved  that  a  letter  of  condolence 
should  be  sent  to  Lady  Arrol  and  Sir  William  Arrol's  family. 
The  letter  had  been  drafted  and  prepared  in  the  names  of  the 
Council  and  of  the  Institution.  He  felt  sure  that  that  would  be 
in  accordance  with  the  wishes  of  the  Members. 

The  other  death  was  one  which  touched  the  Institution  even 
more  closely,  because  it  was  that  of  Sir  William  White,  than 
whom  there  had  been  no  better  friend  to  the  Institution,  than 

2  B 


338  DECEASE   OF   SIR   W.    H.    WHITE,    K.C.B.  March  1913. 

(The  Presideut.) 

whom  there  had  been  no  man  who  had  devoted  himself  more 
whole-heartedly  in  the  interests  not  only  of  the  most  senior  but 
of  the  most  junior  members  of  his  Profession.  Sir  William  had 
always  been  a  tower  of  strength  on  the  Council,  both  before  the 
time  of  his  period  as  President  in  1899-1900,  during  that  time, 
and  since  that  time.  He  had  spared  himself  nothing  which  would 
forward  the  interests  of  the  Institution,  in  safeguarding  its 
interests,  in  furthering  what  was  good  for  it  and  in  helping  it 
in  every  way  in  which  a  man  could.  The  Council  had  therefore 
passed  a  Resolution  to  record  their  sense  of  his  loss  as  a  Member 
of  the  Profession — a  sense  of  individual  loss,  if  he  might  say  so, 
far  greater  than  was  usual  with  a  colleague.  A  letter  had  been 
addressed  and  was  in  course  of  being  forwarded  to  Lady  White, 
to  endeavour  to  express  the  members'  sympathy  with  her  in  the 
loss  which  perhaps  they,  as  well  as,  if  not  better  than,  others,  were 
able  to  appreciate. 

The  Resolution  of  the  Council  was  as  follows  : — 

"  That  the  Council  of  the  Institution  of  Mechanical  Engineers,  having 
heard  with  the  deepest  regret  of  the  death  of  Sir  William  H.  White, 
K.C.B. ,  desire  to  record  the  feeling  of  sorrow  which  the  event  has 
occasioned  to  them  and  to  the  whole  of  the  Institution.  Sir  William 
White  was  President  of  the  Institution  in  1899-1900  and  before, 
during,  and  since  that  term  of  office  he  has  never  spared  himself  any 
effort  to  safeguard  the  proper  rights  and  forward  the  best  interests 
of  the  Institution.  He  brought  to  the  aid  of  the  Institution  all  his 
great  gifts  and  wide  knowledge  and  experience,  unswerving  fidelity  to 
all  the  ideals  which  he  cherished,  and  a  personal  charm  of  manner 
which  endeared  him  to  all  with  whom  he  came  in  contact.  His  loss 
to  the  Institution  is  most  keenly  felt." 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that,  to  fill  the  vacancy  among  the 
Mem])ers  of  Council  caused  by  the  election  of  Sir  J.  Wolfe  Barry 
as  a  Vice-President,  the  Council  liad  appointed  Mr.  William  H. 
Patcuell  as  a  Member  of  Council.  He  would  retire  at  the  next 
Annual  General  Meeting,  in  accordance  with  Article  25. 
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The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  Committee  appointed  by 
the  Council,  and  that  the  following  one  hundred  and  one  candidates 
were  found  to  be  duly  elected  : — 


MEMBERS. 


Allen,  Ernest  Joshua,    . 
AsBRiDGE,  Harry  Hales, 
Batten,  Edward, 
Clarke,  James  Carver,    . 
Haswell,  William  Spence, 
Heaton,  Thomas  Tannett, 
Hope,  James  Laidlaw, 
Hunter,  Gilbert  Macintyre, 
Iden,  Walter  James, 
Keyms,  Thomas  Booth,     . 
Mackie,  William,   . 
Maitland,  Cree, 
Mason,  Herbert,     . 
Mason,  John  Blair, 
Mathews,  Gifford  Frederick, 
MooRHOusE,  Samuel, 
Morrison,  James  Smith,   . 
Morton,  Duncan  Anderson, 
Norfolk,  Tom  Lord, 
Oldfield,  Frederick  William, 
Schwanhausser,  William, 
Scott,  James, 
Simpson,  Joseph  Fitzalan, 


London. 

Manchester. 

Beckenham. 

West  Hartlepool. 

Newcastle-on-Tyne. 

Uxbridge. 

Singapore. 

Iquique. 

London. 

Pernambuco. 

Glasgow. 

London. 

Dresden. 

Dunedin. 

Manchester. 

Leeds. 

Gold  Coast. 

Vancouver. 

Hull. 

Beverley. 

New  York. 

Borneo. 

Preston. 


associate  members. 

Anderson,  James  George, 

Aykroyd,  John  Kenneth, 

Benson,  Herbert  Kamerer, 

BosTOCK,  Francis  John,  .         .         .         . 


London. 
London. 
Swansea. 
Huddersfield. 
2  B  2 
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Bremner,  Allax  James, 

Carpenter,  Herbert, 

Clare,  George  Erxest, 

Court,  Normax, 

Deeprose,  Hexry,   . 

Dyer,  Warrex  Stephexs, 

Edwards,  William  Sydney, 

Farrer,  Arthur  Westmorlaxj 

Fletcher,  Frederic  Charles, 

Goosey,  Sydxey  Willis,    . 

Grouxdwater,  William  Charles  Purvis, 

Gytox,  Frederick  George, 

Henderson,  Frank  Wells, 

HoBSON,  John  William,    . 

Houghton,  Gordon  Oldfield, 

Hull,  John  Francis, 

HuRSTHousE,  Dennis  Wilson, 

Jackson,  George  James  Ferris, 

Knox,  Robert  Graham,    , 

Lefroy,  Charles  Edwin, 

Lynden-Lester,  Alfred,  . 

Mather,  Loris  Emerson, 

KoBBS,  Walter  William, 

NoRRis,  Richard  Norman  Bond, 

Pain,  Thomas  Alexaxder, 

Patersox,  Robert,   . 

Patrick,  Alexaxder, 

Poole,  Gerard  Evelyn,    . 

Proudman,  Septimus  Stephen  Thompson, 

Saunders,  Samuel  McIntyre, 

Shearman,  Johx,  Jun., 

Sheppard,  Harvey, 

SrMS,  George  Patrick  William, 

Smith,  James, 

SPRA'rr,  Edwin  Harry, 

Staniek,  John  Hamilton, 


London. 
Tipton. 
Tokyo. 

Sylhet,  India. 
Manchester. 
Shanghai. 
Stafford. 
Liverpool. 
London. 
London. 

Saitozaki,  Japan. 
London. 
Shanghai. 

Newcastle-on-Tyne. 
Paisley. 
Sheffield. 
Napier,  N.Z. 
London. 
London. 
London. 
Birmingham. 
Manchester. 
London. 
Glasgow. 
Wakefield. 
Coatbridge. 
Calcutta. 
London. 
Birkenhead. 
Manchester. 
Crewe. 
Hull. 
I)ul)lin. 
Coatbridge. 
London. 
Gateshead. 
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Thatcher,  Ivan  James,     . 
Thomlinson,  Robert, 
Thomsen,  Thomas  Christian, 
Urquhart,  George, 
Vanston,  James  Maurice, 
Waller,  Arthur,    . 
Ward,  Arthur  Maurice, 
Welham-Clarke,  Philip, 
Young,  Frank, 


London. 

London. 

London. 

London. 

Maryborough. 

London. 

Tilbury. 

Manchester. 

Tirhoot,  India. 


associate. 

CoRDUE,  William  George  Ranger,  Lieut. 
Colonel  R.E.,     .  .  .  • 

graduates. 

Annacker,  Joseph  Peter, 
Armstrong,  Percival  Joe, 
Armstrong,  William  Kingo, 
Barr,  Alaric  Cecil, 
Barrett,  Charles  Henry, 
Bourbel,  Godfrey  de, 
Butterworth,  Ben, 
CuTBiLL,  Edward  Hilton  Eyre, 
DoRSETT,  Wilfred  Braybrook, 

Dugdale,  Thomas  William, 

Elliott,  John  Richard,  . 

Grantham,  John  Alpe,     . 

Greenwood,  John  Dennis, 

Hardy,  Thomas  Henry,    . 

Harrap,  Louis  Kenneth, 

Harwood,  Edmund  Mills, 

Hodgson,  William, 

Hughes,  Cuthbert  Lockett, 

Johnson,  Stanley  Barker, 

Manning,  George  Alfred, 

Mayers,  Eric  William,   . 


Calcutta. 


London. 

Leeds. 

Manchester. 

Birmingham. 

Wembley. 

Negapatam. 

Manchester. 

London. 

Woolwich. 

Manchester. 

Woolwich. 

London. 

Braintree. 

Manchester. 

Manchester. 

Manchester. 

Hull. 

Devizes. 

Hull. 

Brighton. 

London. 
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MuRciANo,  Rafael  Manuel, 
Shaw,  Frederick  William, 
TowNEND,  Harry,     . 
Wallis,  William  Jackson, 
Whitaker,  George  Backhouse, 
Wood,  Robert  Turnbull, 
Young,  Charles  Albert,  . 


Manchester. 

Rugby. 

London. 

Santiago. 

Leeds. 

Edinburgh. 

Darlington. 


The  President  announced  that  the  following  four  Transferences 
had  been  made  by  the  Council : — 

Associate  Members  to  Memhers. 

Bennett,  Frederick  William,      .  .  .  London. 

Hudson,  Gerard,         .....  Cape  Town. 

Johnson,  Alfred,        .....  Stockton-on-Tees. 

Ockenden,  Maurice  Albion,  .  .  .  London. 


The  following  Paper  was  then  read  and  partly  discussed : — 

"  Some  Effects  of  Superheating  and  Feed-Water  Heating 
on  Locomotive  Working " ;  by  F.  H.  Trevithick,  and 
P.  J.  Co  WAN,  Member ;  of  London. 


The    Meeting    terminated    shortly    before    Ten    o'clock.     The 
attendance  was  142  Members  and  44  Visitors. 
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3rd  April  1913. 


An  Extra  General  Meeting  was  held  at  the  Institution  on 
Thursday,  3rd  April  1913,  at  Eight  o'clock  p.m. ;  Sir  H.  Frederick 
Donaldson,  K.C.B.,  President,  in  the  Chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  Discussion  upon  the  following  Paper  was  resumed  and 
concluded : — 

"  Some  Effects  of  Superheating  and  Feed-Water  Heating  on 
Locomotive  Working";  by  F.  H.  Trevithick,  and 
P.  J.  Cowan,  Member;  of  London. 


The  Meeting  terminated  at  Ten  o'clock.      The  attendance  was 
90  Members  and  24  Visitors. 
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SOME  EFFECTS  OF  SUPERHEATING  AND  FEED-WATER 
HEATING  ON  LOCOMOTIVE  WORKING. 


By  F.  H.  TREVITHICK,  and  P.  J.  COWAN,  Member ;  of  London. 


The  tendency  in  recent  years  to  increase  train-loads  and  average 
speeds  has,  in  the  main,  resulted  in  larger  locomotives.  By  putting 
proportionately  more  weight  into  the  boiler,  the  evaporative 
capacity  has  been  increased,  and,  since  boiler  capacity  limits  the 
tractive  effort  at  anything  above  low  speeds,  this  has  been  quite  a 
logical  development.  The  same  provision,  at  equal  loads,  results  in 
increased  economy,  since  the  rate  of  firing  is  brought  down  to  a 
point  where  the  boiler  efficiency  is  greater. 

This  will  be  evident  on  reference  to  Fig.  1  (page  346),  reproduced 
from  Mr.  Lawford  H.  Fry's  Paper  on  "  Combustion  and  Heat  Balances 
in  Locomotives."  *  This  represents  the  series  200  of  the  St.  Louis 
tests  on  the  Pennsylvania  Railroad  Testing  Plant, f  and  has  been 
selected  as  illustrating  the  performance  of  a  brick-arch  boiler,  with 
coal  approximating  to  some  English  qualities,  though  reported  to  be 
somewhat  friable,  and  as  covering  a  wide  range  of  working.  The 
proportion  of  the  total  heat  utilized  in  steam  production  will  be 
seen  to  fall  as   the   rate   of   firing   increases;  the   losses   increase 

*  Proceedings,  I.Mech.E.,  1908,  Part  2,  page  275. 

t  "  Locomotive  Tests  and  Exhibits,"  published  1905  by  the  Pennsylvania 
Railroad  Co. 

[The  I.Mech.E.] 
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rapidly.  Clearly,  improvement  will  be  effected  if  capacity  sufficient 
for  the  production  of  equal  or  equivalent  output  at  reduced  rates  of 
firing,  c<in  be  ari-anged  for. 

Fig.   1   shows  the  nature  of  the  losses.     That  by   radiation  is 
small.     It  is  practically  unavoidable  and,  comparatively  speaking, 

Fig.  1. 
Relative  amount  of  Heat  utilized  and  lost  at  different  Rates  of  Firiiig ; 
St.  Louis  Tests.     (Series  200.) 

(From  Proceedings,  March  1908,  page  275.) 
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little  would  be  gained  by  its  elimination,  if  such  were  possible.  The 
loss  by  CO  is  also  negligible.  The  remaining  losses  are  important, 
and  consist  in  heat  carried  away  in  the  gases  of  combustion  passing  out 
of  the  chimney,  and  in  heat  lost  in  unburnt  or  partially  })urnt  fuel. 
Fig.  1  is  rearranged  in  Fig.  2  in  the  form  of  a  diagram  of  heat 
available,  taking  14, .500  JJ.Th.U.  as  a  typical  calorific  value  for  the 
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Fig.  2. — Heat  utilized  and  lost  per  square  foot  of  grate  per  hour  at  different 
Bates  of  Firing ;  based  oil  St.  Louis  Tests.     (Series  200.) 
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coal.  The  line  a  represents  the  total  heat  available  in  the  fuel  at 
any  rate  of  firing  per  square  foot  of  grate  area  per  hour.  This 
diagram  is  merely  typical.  A  comparison  of  numerous  published 
results  shows  that  it  may  fairly  be  taken  to  be  so.  As  it  is 
intended  to  pay  attention  now  only  to  the  larger  and  more 
easily  preventable  losses,  the  losses  by  CO  and  by  radiation  have 
been  combined  in  Fig.  2. 

In  locomotive  operation,   engine  output,  steam  output,  rate  of 
firing,    draught,   smoke-box   temperature    and    other    factors   are 


Fig.  3. — Relation  of  Draught  to  Bate  of  Firing ;  St.  Louis  Tests.   (Series  200.) 
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interdependent.  Engine  output  for  a  large  part  of  the  range  of 
working  is  limited  by  boiler  output,  which  is  dependent  upon  the 
rate  of  firing.  This,  in  its  turn,  depends  on  draught,  which,  other 
conditions  being  unaltered,  is  a  function  of  the  steam  exhausted. 
Fig.  3  (considered  in  conjunction  with  Fig.  2)  shows  the  relation  of 
draught  to  the  ph(5nomena  accompanying  increased  output.  The 
upper  and  lower  lines  show,  respectively,  the  vacuum  recorded 
in  the  smoke-box  at  the  back  of  the  diaphragm,  and  the  eftective 
draught — that  is,  tin;  difierenco  between  this  and  the  vacuum 
measured  in  the  fire-box.  The  vacuum  in  front  of  the  diaphragm 
in  American  engines  is  often  twice  as  intense  as  that  behind  it. 
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Fig.  4. 


Relation  of  Svioke-hox  Temperatures  and  Draught  to  Rate  of  Firing  ;  values 
from  Goss's  "  Locomotive  Performance''  ("Brazil  block"  coal). 
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Fig.  5. 


Relation  of  Smoke-hox  Temperature  to  Rate  of  Firing  ;  values  from  Goss's 
««  High  Steam  Pressures  in  Locomotive  Service  "  (YougMogheny  coal). 


550"- 


110  130  LB.       ^ 

LB.  OF    COAL    PER    SQUARE    FOOT    OF   GRATE    SURFACE    PER     HOUR 


350        LOCO.    SUPERHEATING    AND   FEED-WATER   HEATING.        MaUCH  1913. 


The  net  loss  of  heat  in  the  waste  gases  is  dependent  upon  their 
quantity  and  specific  heat  and  the  smoke  -  box  temperature.  In 
quantity  the  waste  gases  increase  with  the  rate  of  firing,  though 

Fig.  6. 

Relation  of  Weight  of  Cinders  passing  tlirougU  tJie  Boiler-Tubes  to  Rate 

of  Firing ;  values  from  Goss's  "  High  Steam  Pressures  in 

Locomotive  Service''  (Youghiogbeny  coal). 
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the  amount  of  gas  per  pound  of  fuel  burned  tends  to  diminish.  The 
manner  in  which  smoke-box  temperatures  increase  with  the  rate  of 
firing  is  shown  in  Figs.  4  and  ,5.  Such  diagrams  are  given  as 
straight   line    curves  in  the  St.  Louis    rejiort,    but   this  is   reaUy 
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incidental  to  plotting  to  too  small  a  scale.  The  St.  Louis  tests  on 
modern  large  boilered  engines  show  lower  temperatures  than  the 
Purdue  tests  represented  in  Figs.  4  and  5.  The  specific  heat  of  the 
waste  gases  increases  with  smoke-box  temperatures.*  As  a  net 
result  of  the  combination  of  these  three  factors,  the  proportion 
of  the  loss  in  the  waste  gases  to  the  heat  available  in  the  coal 
gradually  falls,  but  in  amount  increases  with  the  rate  of  firing. 

Of  the  loss  by  unburnt  fuel,  part,  occurring  at  the  grate,  is  not 
usually  preventable,  except  such  as  arises  from  inexpert  firing.     The 
larger  portion  of  this   loss   is   involved  with   engine   output   and 
draught.     The  greatest  loss  is  traceable  to  the  quality  and  quantity 
of  the  smoke-box  cinders,  and  of  those  passing  out  of  the  chimney. 
Both  these  increase  with  rate  of  firing.     Fig.  6  shows  how  rapidly 
the  quantity  of  these  cinders  increases  at  the  higher  rates  of  firing. 
Other  classes  of  coal  may  show  losses  on  an  even  heavier  scale.     The 
smoke-box  cinders,  and  those  passing  out  of  the  stack,  have  been 
combined  in  Fig.   6.     It  is  not  possible  to   state  definitely  what 
effect  the  rate  of  firing  has  on  the  relative  amounts  of  these  two 
cinders  losses,  but  it  appears  probable  that  so  long  as  the  smoke-box 
capacity  is  not  taxed,  the  smoke-box  cinders  are  greater  in  amount 
than  those  passing  out  of  the  chimney  when  work  is   light,  and 
that  when  the  engine  is  forced,  those  emitted  from  the  chimney 
exceed  those  retained  in  the  smoke-box.     This  opinion  is  supported 
by  Dr.   Goss,  and  by  figures   given  in   a  Paper  read   before   the 
Western  Railway  Club  in  1898  by  Mr.  W.  Garstang.     In  general, 
it  may  be  taken  that,  at  fair  engine  rating,  the  loss  by  cinders 
ejected  is  large,  and  on  ordinary  runs  exceeds  the  amount  which 
accumulates  in  the  smoke-box,  the  proportion  of  cinders  ejected  to 
cinders  in  the  smoke-box  being  often  2  or  more  to  1,  in  smoke- 
boxes    fitted    with    netting.       This    factor    is,    however,    largely 
dependent  upon  the  quality  of  the  coal,  as  is  also  the  quality  of 
the  cinders. 

Fig.  7  (page  352)  gives  an  idea  of  the  way  in  which  the  calorific 
value  of  these  cinders  increases  with  rate  of  firing.  The  curves  are 
for  three  different  kinds  of  coal.      Their  value  is  thus  high,  being 

*  Proceedings,  I.Mech.E.,  1908,  Part  2,  page  294. 


352        LOCO.    SUPERHEATING   AND   FEED-WATER   HEATING.        March  1913. 

shown  to  be  about  90  per  cent,  of  the  original  value  of  the  coal  at 
the  highest  rates  of  working.  In  the  St.  Louis  tests  the  highest 
calorific  value  found  for  smoke-box  cinders  was  95  per  cent,  of  the 
value  of  the  original  coal,  and  for  the  cinders  ejected  87  *  6  per  cent. 


Fig.  7. 

Relation  of  Calorific  Value  of  Cinders  passing  through  the  boiler-tubes  to  Rate 

of  Firing  ;  values  from  Goss's  :  No.  1,  "  Superheated  Steam  in  Loconiotiie 

Service  "  (Pocahontas  coal) ;  No.  2,  Ditto  (Youghiogheny  coal) ; 

No.  3,  "  Locomotive  Sparks  "  ("  Brazil  block  "  coal). 
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of  the  coal  value.  The  average  for  all  tests  was  for  smoke-box 
cinders  80*7  per  cent.,  and  for  cinders  ejected  through  the  chimney 
72*5  per  cent,  of  the  original  value  of  the  coal.  Determinations, 
made  in  connection  with  Egyptian  State  Railways  passenger-engines 
using  Welsh  coal,  have  shown  a  calorific  value,  for  smoke-box 
cinders,  equal  to  86  per  cent,  of  the  original  coal  value.  Usually 
the  cinders  ejected  have  a  rather  lower  value  than  those  retjiined 
in  the  smoke-box,  thougli  circumstances  may  arise  wliere  the  reverse 
is  found  to  be  the  case.* 


'*'  Dr.  Qosb'b  report  on  <*  Superheated  Steam  in  Locomotive  Service." 
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Reduction  of  Boiler  Losses. 

The  facts  exhibited  in  Figs.  1-7,  which  show  so  rapid  an 
increase  in  the  boiler  losses  at  the  higher  rates  of  firing,  emphasize 
the  statement  already  made  that  improvement  will  be  realized  if 
the  necessary  output  can  by  some  means  be  secured  at  a  reduced 
rate  of  firing.  Within  limits,  increase  in  boiler  capacity  is  thus  as 
logical  from  this  point  of  view  as  it  is  when  made  in  order  to  meet 
demands  for  more  power.  This  solution,  however,  has  certain 
drawbacks.  "With  the  enlargement,  radiation  and  grate  losses 
increase,  the  latter  becoming  important  in  intermittent  work. 
An  increase  in  total  engine  weight  is  also  involved,  and,  as 
permanent  way  considerations  limit  this,  the  time  will  come,  and 
has  now  been  reached  in  cases,  when  improvements  must  be  sought, 
involving  an  increase  of  weight  on  a  reduced  scale.  The  logical 
alternative  to  the  increase  of  boiler  capacity  is  to  relieve  the  boiler 
of  part  of  its  work,  by  the  adoption  of  some  supplementary  process, 
which,  however,  to  be  successful,  must  necessitate  a  comparatively 
small  increase  in  weight.  Two  processes  which  meet  this 
requirement  are  Feed-Water  Heating  and  Steam  Superheating. 

Feed- Water  Heating. 

In  feed-water  heating,  part  of  the  boiler  work  is  accomplished 
before  the  water  passes  the  clack.  For  feed  -  heating  agents, 
providing  a  direct  saving  of  otherwise  waste  heat,  there  are 
available  the  exhaust  steam  discharged  from  the  cylinders,  and  the 
waste  gases  passing  out  of  the  chimney.  Feed-heating  can  be 
accomplished  by  either  of  these  alone  or  together  in  series.  If  used 
in  series,  heating  by  the  waste  gases  must  be  accomplished  last. 
As  the  process  may  be  arranged  to  result  in  temperatures  being 
reached  at  which  even  the  so-called  hot-water  injectors  will  not 
work,  its  successful  adoption  involves  a  reconsideration  of  the 
feeding  system  generally. 

The  ordinary  injector  will  not  pick  up  water  above  about 
120°-125°  F.,  and  the  feed  cannot,  therefore,  be  effectively  heated 
before    it    reaches    the    injector,    while    the    admixture   in    that 

2  c 
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apparcatus  of  live  steam  with  the  feed,  so  raises  the  temperature 
of  the  latter  that  full  advantage  cannot  be  taken  of  subsequent 
heating  by  either  of  the  agents  available.  An  injector  may  feed 
into  a  boiler  at  180  lb.  per  square  inch  pressure,  about  11*2  lb.  of 
water  for  every  1  lb.  of  steam  used.  If  the  supply  be  at  65°  F.  the 
delivery  will  be  about  160 '5°  F.  This  increase  is  not  an  economic 
gain.  DeUvery  falls  off  as  the  boiler  pressure  rises,  and  the 
temperature  of  delivery  is  higher  at  the  higher  pressures. 
Subsequent  feed-heating  is  of  less  advantage  now  than  it  would 
have  been  when  pressures  were  lower. 

For  each  1  lb.  of  steam  used  in  the  cylinders  (1  +  a  fraction) 
must  be  produced  in  the  boiler,  from  the  temperature  of  the 
injector  discharge,  in  order  to  supply  both  the  engine  and  injector. 
The  B.Th.U.  thus  to  be  produced  are  given  for  various  pressures  in 
Fig.  8,  by  Curve  No.  1,  which  is  based  on  data  published  by 
Mr.  S.  L.  Kneass.*  If,  subsequent  to  delivery  from  the  injector, 
the  feed  be  heated  by  the  cylinder  exhaust  to  210°  F.,  the  boiler 
work  is  reduced,  as  denoted  by  Curve  No.  2.  The  work  needed 
increases  with  the  boiler  pressure.  Heat  can  further  be  transmitted 
from  the  waste  gases,  and  an  average  feed  temperature  of  280°  F.- 
290°  F.  obtained,  but  compensation  can  in  no  way  be  secured  for 
heating  during  part  of  the  process  with  live  steam. 

At  modera  pressures  the  ordinary  exhaust  -  injector  shows  a 
thermal  saving  over  the  live-steam  injector  of  some  9  per  cent. 
The  supplementary  portion  of  the  exhaust  injector  is  handicapped 
by  the  water  fed  to  it  being  already  at  a  high  temperature  (about 
180°  F.).  Its  steam  consumption  is  thus  high,  and  the  final 
temperature  of  discharge  is  about  280°  F.  Additional  feed- heating 
is  thus  impracticable,  even  by  the  waste  gases.  The  only  gain 
procurable  with  this  injector  is  that  due  to  the  use  of  part  of  the 
exhaust  steam  ;  this,  however,  may  exceed  the  thermal  gain  of 
9  per  cent,  or  so.  In  a  more  recent  form  of  exhaust-steam 
injector  the  efficiency  of  the  exhaust  steam-jet  has  been  improved, 
and   much  less  supplementary  live  steam   is  needed.     Though  the 

♦  *'  Practice  and  Theory  of  the  Injector."     (Wiley.) 
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thermal    position   is   the   same    with    both    types,    the    discharge 
temperature    is   thus   lower   with    the    later    pattern.      The   final 


Fig.  8. — Saturated  Steam  boiler  outpiU  in  B.Th.U.  necessary  with  various 
conditions  of  Feed,  for  each  lb.  of  steam  used  in  the  cylinders. 
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temperature  with  the  later  type  is  195°  F.  compared  with  280°  F, 
with  the  earlier,  and  further  feed-heating  is  practicable. 

2  c  2 
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The  pump  offers  advantages  over  the  injector  in  connection 
with  feed-heating,  since,  with  it,  the  feed  temperature  is  not 
increased  in  the  process  of  raising  the  pressure,  and  the  temperature 
head  is  sufficient  for  the  effective  transfer  of  heat  to  the  pump 
delivery,  successively  from  the  exhaust  steam  and  the  waste  gases. 
On  account  of  the  sudden  demands  which  a  locomotive  feed-pump 
is  called  upon  to  meet,  such  an  appliance  should  be  arranged  to 
work  with  water  at  moderately  low  temperatures,  and  the  greater 
part  of  the  feed-heating  process  should  be  carried  out  between  the 
pump  and  the  boiler  clack. 

Independent  steam  -  pumps  suitable  for  locomotive  work  will 
deliver  100  lb.  of  water  for  about  1*5  lb.  of  steam,  working  at  and 
against  180  lb.  pressure.  Curve  No.  3,  Fig.  8,  shows  the  B.Th.IT. 
to  be  provided  by  the  boiler  for  each  1  lb.  of  steam  delivered  to  the 
cylinders,  using  pump  supply  and  feed  at  65°  F.  Curve  No.  4 
shows  the  work  required  if  the  pump  exhaust  be  utilized  for  feed- 
heating,  about  the  same  amount  being  required  at  all  pressures. 
The  pump  and  injector  are  then  on  an  equal  footing  at  modern 
pressures.  Heating,  further,  by  the  main  cylinder  exhaust  to 
210'^  F.,  reduces  the  boiler  w^ork  to  the  amounts  shown  by  Curve 
No.  5.  This  system  has  a  considerable  advantage  over  the  injector 
feed  combined  with  heating  to  210°  F.  (see  Curve  No.  2),  and  this  is 
maintained  if  the  feed-heating  be  carried  still  further. 

Superheating. 

In  superheating,  a  final  benefit  may  be  due  to  different  causes 
according  to  the  system.  In  one  system  the  heat  in  the  waste 
gases  discharged  from  the  boiler  is  utilized  to  raise  the  temperature 
of  tlie  steam.  In  another  a  directly  fired  superheater  is  employed, 
commonly  incorporated  for  convenience  in  the  boiler,  in  order  that 
one  grate  may  serve  both.  Hybrid  systems  have  also  been  tried, 
in  which  either  the  ordinary  boiler  tube  length  lias  bccui  curtailed 
and  a  superheater  added  in  the  space  thtis  providcid,  or  a  large 
supply  of  "liv(i"  gas  has  been  conducted  to  a  smoke-box  lieater 
tlirough  a  special    flue.     Most  of  tluNse  latt(;r   systems    liave   been 
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abandoned.  Tliey  lower  the  efficiency  of  steam  generation,  and 
this  is  not  sufficiently  recouped  in  the  engine  for  these  arrangements 
to  compare  favourably  with  others. 

Contrary  to  general  experience  in  other  branches  of  steam 
engineering,  and  also  in  conflict  with  testimony  from  many  railways, 
it  has  been  maintained  that  waste-gas  superheating  effects  little  or 
no  benefit  in  locomotive  work.  This  system  combines  improvements 
in  two  directions,  namely,  in  the  efficiency  of  steam  generation  and 
in  the  engine's  consumption.  The  gain  in  generation  has  been 
commonly  ignored  or  actually  denied  so  far  as  locomotive  work  is 
concerned,  while  the  engine  gain  has  been  fairly  generally  admitted. 
A  true  waste-gas  superheater  forms  an  adjunct  to  the  ordinarj'' 
boiler.  Its  installation  should  not  disturb  the  heating  capacity  of 
the  boiler,  nor  alter  its  efficiency.  About  the  same  proportion  of 
the  heat  of  combustion  is  taken  up  by  the  water-heating  surface  as 
where  no  superheater  is  fitted,  and  to  the  steam  thus  produced  is 
added  further  heat,  abstracted  from  the  waste  gases.  The  overall 
efficiency  of  the  generator  is  improved,  the  proportion  of  heat 
available  in  the  coal,  put  to  use,  being  increased.  Directly  fired 
superheater  locomotives,  using  superheat  from  100°  F.  upwards, 
which  can  lay  claim  to  no  im.provement  in  the  efficiency  of  steam 
generation,  but  rather  suffer  in  an  adverse  sense,  admittedly  prove 
satisfactory  in  service.  There  appears,  therefore,  to  be  no  valid 
reason  why  the  waste-gas  heating  system,  with  which  superheat  of 
about  90°  F.  can  be  obtained,  should  not  likewise  give  good  results. 
The  difi'erence  between  the  temperatures  just  cited  is  more  than  made 
up  by  the  higher  overall  efficiency  of  the  combined  waste-gas  heater 
and  boiler.  The  temperatures  claimed  for  waste-gas  superheaters 
are  sometimes  too  high.  Something  over  the  figure  just  quoted  is, 
however,  perfectly  practicable. 

It  is  difficult  to  determine  the  economical  position  of  directly 
fired  superheater  installations  of  the  moderate-degree  or  high-degre  ' 
types,  as  applied  in  locomotive  service.  For  the  generator  efficiency 
to  be  undiminished,  no  more  heat  must  be  lost  from  a  sup3rliea1er 
boiler  than  in  the  ordinary  boiler.  In  some  installations  the 
average     amount    of     heat    absorbed     through     the     smoke-tube 
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superheater  surface  may  about  equal,  as  far  as  can  be  gathered,  the 
average  amount  transmitted  through  the  water-heating  tube-surface. 
This  may  be  so  in  the  double-loop  high- degree  type  in  which  high 
steam  velocities  are  used,  and  the  ends  of  the  loops  are  brought 
fairly  near  the  fire-box.  Locally,  transmission  is  then  very  great 
and  the  average  is  high.  With  the  single-loop  types  giving 
moderate  degrees  of  superheat,  the  elements  are  often  short  and 
the  speeds  low.    The  transmission,  at  the  best,  is  then  comparatively 

Fig.  9. — Relation  of  Steam  Consumption  and  Superheat;  values  from  Benjamin 
and  Endsley.     (Am.  Ry.  Master  Mechanics'  Convention,  1911.) 
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low,  and,  on  the  average,  lower  than  that  of  the  water-heating  tube 
surface.  As  regards  efiiciency  of  steam  generation,  therefore,  the 
combination  of  the  waste-gas  superheater  and  boiler  ranks  first. 
Probably  the  ordinary  boiler  ranks  second  and  the  high-degree 
smoke-tube  superheater  boiler  third,  but  this  does  not  appear  yet 
to  have  been  definitely  determined ;  it  is  possible  their  relative 
positions  are  not  tlie  same  at  all  powers.  Jjast  of  all  stands  the 
moderate-degree  smoke-tube  superheater  boiler. 

Though  the  above  aspect  of  superheating  is  often  treated  with 
indifference,  it  is  generally  conceded  that  there  is  more  or  less 
saving    in   steam   at   all    degrees    of    superheat.       Even    with    no 
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superheat  the  use  of  a  heater  may  reduce  the  feed  necessary,  if  the 
steam  normally  sent  over  is  wet.  Part  of  the  economy  shown  on 
road  tests  undoubtedly  arises  from  this.  With  any  temperature 
above  that  corresponding  to  dry  steam,  there  is  an  improvement 
in  the  engine.  In  stationary  work  this  is  not  disputed,  and  the 
result  is  similar  in  locomotive  working.  This  has  been  determined 
in  road  tests,  and  also  on  testing  plants.  Dr.  Goss  and  others 
responsible  for  the  work  at  Purdue  have  concluded  that  steam 
consumption  falls  with  increasing  superheat  as  shown  in  Fig.  9. 
This  determination  is  naturally  only  approximate.  The  data  issued 
from  Purdue  constitute  the  only  records  yet  published,  showing  the 
e fleet  of  progressive  superheat  on  steam  consumption  in  locomotive 
service.  As  regards  coal  consumption,  however,  they  do  not  fairly 
indicate  the  possibilities  of  moderate  superheating  (though  it  is 
sometimes  held  they  do),  since  they  do  not  embrace  investigations 
with  the  more  efficient  installations  of  that  class. 

Coal  Consumption. 

Feed-water  heating  and  superheating  may  be  employed  in 
various  arrangements  or  combinations.  For  moderate  feed-heating, 
the  pump  exhaust  and  part  of  the  main  cylinder  exhaust  are  used. 
The  former  raises  the  feed  temperature  by  25°-30°  F.,  the  latter  to 
about  210°  F.  or  slightly  more.  High  degrees  may  be  attained  by 
continuing  the  process  with  a  smoke-box  heater  in  series. 
Temperatures  of  280°-290°  F.  may  thus  be  reached,  with  even 
360°  F.  for  short  supplies,  feeding  to  a  boiler  working  at  a  pressure 
of  180  lb.  per  square  inch.  The  smoke-box  heater  may  be  used 
alternatively  for  moderate  superheating,  when  a  superheat  of  about 
90°  F.  may  be  secured.  Thus  feed-heating  to  210°  F.  and  moderate 
waste-gas  superheating  may  be  combined.  Finally,  with  the  smoke- 
tube  type  of  superheater,  moderate  and  high-degree  feed-water 
heating  may  also  be  adopted. 

From  Fig.  2  (page  347)  it  will  be  seen  that  for  any  reduction  in 
the  demand  made  on  the  boiler  and  denoted  by  a  fall  along  the  line  d^ 
the  coal  consumption  falls  along  the  line  a.  To  this  rapid  fall  are 
due  the  large  economies  effected  with  comparatively  small  thermal 
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savings.    The  coiTespondence  shown  in  Mr.  Fry's  Paper  between  tests 
on  boilers  of  a  fair  range  of  proportion,  and  in  Dr.  Goss's  reports  on 

Fig.  10.— Diagram  showing  the  Economy  of  Fccd-Heating  to  270°  F. 
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boiler  efficiency  as  allected  by  pressure,  makes  it  permissible  to  take 
Fig.  2  to  represent  typical  conditions  in  a  brick-arch  boiler  working 
at  180  lb.  pressure  per  square  inch,  generating  practically  dry  steam. 
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(1)  High-Degree  Feed -Water  Heating. —  Installations  giving 
average  feed  temperatures  between  270°  and  290°  F.  are  described 
in  Appendix  I  (pages  391-2),  under  Types  A  and  B.  Unless 
conditions  are  unfavourable,  feed-heating  is  purely  a  gain  to  the 
boiler.  If  an  engine  be  overrated,  hot  feed  may  be  accompanied  by 
the  production  of  somewhat  drier  steam.  The  effect  of  feed-heating 
may  be  studied  by  the  aid  of  Fig.  10,  which  is  part  of  Fig.  2  to  an 
enlarged  scale. 

Taking,  as  typical,  a  rate  of  firing  of  80  lb.  per  square  foot 
of  grate  area  per  hour,  by  the  scale,  AX,  the  amount  of  heat  utilized 
in  steam  production,  is  632,000  B.Th.U.  This  is  equivalent  to  the 
evaporation  of  591  lb.  of  water  from  and  at  160  •  5°  F.,  the  temperature 
of  discharge  of  the  injector  with  supply  at  65°  F.  and  boiler  pressure 
at  180  lb.  Dividing  this  in  the  proportion  of  11*2:1,  gives  542  •  57  lb. 
as  the  steam  taken  by  the  engine,  and  48  •  44  lb.  as  that  used  in 
working  the  injector.  For  a  pump-fed  engine  (with  supply  at  65°  F.) 
to  develop  the  same  power,  the  same  number  of  pounds  of  steam  must 
be  furnished  to  the  cylinders.  This  requires  542  •  57  (1 197  *  7  —  33  •  07) 
=  631,890  B.Th.U.,  1197*7  representing  the  total  heat  in  steam  at 
180  lb.  pressure,  and  33*07  that  in  the  water  at  65°  F.,  both  above 
32°  F.*  The  pump  consumption  will  be  taken  as  2  *  2  lb.  of  steam 
per  100  lb.  of  water  delivered,  and  therefore  (542*57  X  0*022)  lb.  = 
11*94  lb.  of  steam  are  needed  for  the  pump,  equivalent  to  a  demand 
on  the  boiler  of  13,910  B.Th.U.  The  total  number  of  thermal  units 
to  be  generated  is  thus  (631,890  +  13,910)  =  645,800  B.Th.U. 
This,  in  the  installations  Types  A  and  B  (Appendix  I),  is  supplied 
in  stages,  namely,  by  the  pump  exhaust  heating  by  25°  F.,  or  to 
90°  F. ;  by  the  main  cylinder  exhaust  to  210°  F. ;  by  the  waste-gas 
heater  to,  say,  270°  F.  (a  temperature  easily  reached) ;  and  finally  by 
the  boiler.  The  total  heat  supplied  per  1  lb.  of  steami  is  (1197*7  — 
33*07)  =1164*63  B.Th.U.  Of  this,  therefore,  the  pump  exhaust 
furnishes   (58*0  -  33*07)  =  24*93    B.Th.U.;    the    main    exhaust 


*  The  figures  for  heat  in  steam  and  water  are  taken  from  '*  Tables  and 
Diagrams  of  the  Thermal  Properties  of  Saturated  and  Superheated  Steam," 
by  L.  S.  Marks  and  H.  N.  Davis.     (Longmans.) 
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(177-99  -  58-0)  =  119-99  B.Tli.U. ;  the  waste  gases  supply  (238-8 
-  177-99)  =  60-81  B.Th.U.;  and  the  boiler  furnishes  (1197-7  - 
238  -8)  =  958-9  B.Th.U.  The  total  heat  is  supplied  to  the  engine 
and  pump  as  follows  : — 

TABLE  1. 
Heat  supplied  wlien  Feed-Heating  to  270°  F. 


Source  of  Heat. 

Proportion 

of  Total 

supplied. 

B.Th.U.  supplied 

To  Engine. 

To  Pump. 

To  Engine 
and  Pump. 

Pump      exhaust-f 
heater     .      .      .\ 

Main  cylinder  ex-J 
haust-heaters    .\ 

Waste-gas  heater  \ 
Boiler      .     .     .  i 

24-93 
1164-63 

119-99 
1164-63 

60-81 
1164-63 

958-9 
1164-63 

1      13,530 
}      65,100 
}      32,990 
}     520,270 

300 

1,430 

730 

11,450 

13,830 

66,530 

33,720 

531,720 

645,800 

Totals    .     . 

631,890 

13,190 

Instead  of  632,000  B.Th.U.  to  be  supplied  by  the  boiler  in  the 
injector-fed  engine,  coal  has  now  only  to  be  burnt  to  furnish  the 
reduced  supply  of  531,720  B.Th.U.  Following  this  out  in  Fig.  10 
(page  360)  the  requirements  have  first  to  be  increased  from  A  to  A^ 
(=  645,800  B.Th.U.),  on  account  of  the  substitution  of  the  pump 
for  the  injector.  This  corresponds  to  a  point  15  on  the  curve  d 
The  use  of  the  pump-exhaust  reduces  the  demand  by  13,830  B.Th.U., 
namely  to  Bj  and  C,  or  slightly  below  the  original  point  for  the 
injector-fed  engine.  The  main  exhaust  furnishes  a  further  66,530 
Ji.Th.U.,  and  the  d(;mand  is  brought  down  to  C^  and  D,  and  again 
of  this  33,720  B.Tli.U.  (DDj)  are  derived  from  the  waste  gases, 
leaving  EY  (=  531,720  ii.Tli.U.)  to  be  provided  by  the  boiler  itself. 
The  rate  of  firing  which  will  produce  this  is  60-8  lb.  per  square  foot 
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of  grate  area  per  hour,  compared  with  the  original  80 ;  a  saving  of 
24  per  cent,  is  thus  indicated  for  the  system. 

Fig.  11. — Coal  Saving  {Curve  1)  and  Thermal  Saving  {Curve  2)  of  Feed-Heating 
to  various  temperatures,  with  Pump  Supply,  compared  with  Injector  Feed. 

% 

se- 


es^ 100' 


150' 


200° 


250' 


300"- 


FEED    WATER     TEMPERATURES DEG.    FAHR. 


The  diagram  shows  how  this  comes  about,  supposing  smoke-box 
conditions  to   remain   normal.      The  heat  represented  by  DD^  is 
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drawn  from  the  waste  gases.  This  length  may,  therefore,  be  set  up 
over  E  at  EE^.  Then  E^E.^  represents  the  final  loss  in  the  waste 
gases   compared   with   the  original  AA2,  that   is,  96,000   B.Th.U. 


Fig.  12. 

Coal  Consuviption  per  Mile 

for  Engine  No.  711 

{Feed-Heating  to  270°  F.) 

and  No.  G95  {Non-Heater). 


200  300  3L.0 

TARE   LOAD    BEHIND   TENDER_T0NS 


instead  (jf  ir)G,000,  or  a  reduction  of  38*5  per  cent,  in  this  loss. 
Tlie  loss  by  unburnt  fuel  has  been  reduced  from  A^A.,  (.332,000 
B.Th.U.)  to  E,E.,  (193,000  B.Tli.U.),  a  reduction  of  more  tlian 
41*5  per  cent.  The  pro[)ortion  of  tlie  lu^at  iiliH/A'd,  to  tlie  total 
available,  has  been  greatly  increased. 


J 


IMarch   1013.         LOCO.    SUPERHEATING    AND    FEED-WATER    HEATING.        365 


Estimating  economy  in  this  manner  for  various  feed  temperatures, 
a  series  of  values  are  obtainable,  and  the  Curve  1,  Fig.  11  (page  363), 
maybe  thus  derived  ;  Curve  No.  2,  Fig.  11,  shows  the  corresponding 
thermal  savings.  The  actual  savings  are  greater  than  the  latter 
would  indicate,  from  indirect  causes,  which  thermal  calculations 
cannot  take  into  account.  The  savings  by  feed-heating  are,  in 
locomotive  work,  on  a  rather  higher  scale  than  in  other  branches 
of  steam  engineering. 

Fig.  13. 
Coal  Consumption  per  ton-mile  for  Engine  No.  711  {Feed- Heating  to  270°  F.) 

and  No.  695  (Non- Heater). 
LB. 
•175- 


ENGINE    NO.  711 


200  250  300  350 

TARE    LOAD    BEHIND    TENDER_TONS 


400 


Among  many  trials  of  this  system  on  the  Egyptian  State 
Railways  those  made  with  Engine  No.  711  (Type  A,  Appendix  I, 
page  391),  in  the  early  part  of  1908,  are  the  most  important.  This 
is  a  4-4-0  type  engine.  Its  chief  particulars  are  given  on  page  391. 
Engine  No.  711,  with  heaters,  ran  against  a  sister  engine,  No.  695, 
without  heaters,  on  expresses  between  Cairo  and  Alexandria 
(130  miles),  the  fastest  timing  being  3  hours  with  two  intermediate 
stops.  The  coal  was  weighed  into  bags,  sealed  and  opened  on  the 
tender  as  required.  The  j&gures  relate  to  coal  used  for  train 
working   only.      The   ton-miles   accomplished    were    1,939,847    by 
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Engine  No.  711  and  1,926,054  by  Engine  No.  695.  The  average 
coal  per  ton-mile  worked  out  at  0*1116  lb.  for  No.  711,  and 
0*1450  lb.  for  No.  695 — a  saving  of  23  per  cent,  for  the  heater 
engine.  The  results  of  the  trials  are  depicted  in  Figs.  12  and  13 
(pages  364-5).  The  consumption  of  the  non-heater  engine  increased 
much  more  rapidly  with  the  loading,  than  did  that  of  the  heater 
engine.  The  economy  shown  by  the  latter  improves  at  the  heavier 
loads.     Table  2,  giving  the  trains  classified  according  to  load  (tare 


TABLE  2. 
Trials  of  Feed-Heater  Engine  No.  711  and  Non-Heater  Engine  No.  695. 


Class  of 
Trains. 

Engine 
No. 

Actual 
Train 
Loads. 

Coal  Consumption. 

1 

Average 
lb.  of  Coal 
per  mile. 

Saving  in 
favour  of 
Eng.  711. 

Average  lb. 

of  Coal  per 

ton-mile. 

Saving  in 
favour  of 
Eng.  711. 

Tons  behind 

tender. 
Under  250 

250-300 

300-350 

350-400 

/711 
\695 

(711 
\695 

/711 
\695 

/711 
\695 

203-2 
206-8 

268-3 
267-6 

326-5 
324-5 

362-4 
375-8 

24 
31 

30 
38 

34 
47 

38 
55 

1} 
1} 
1} 

Per  cent. 
23-3 

20-9 

28-2 

31-3 

/0-1185\ 
\0-1516/ 

/0-1125\ 
\0-1425/ 

/O -10461 
\0-1465/ 

/0-1054\ 
\0-148l/ 

Per  cent. 
21-8 

21-8 

28-6 

28-8 

behind  tender),  shows  this  very  clearly,  especially  on  the  pound  per 
mile  basis. 

The  figures  of  the  registers,  for  engines  in  regular  service, 
confirm  all  trials  made  with  this  system.  Table  3  gives  such 
records  for  Engines  Nos.  711  and  677  and  non-heater  engines. 

The  large  difference  between  No.  711  and  sister  non-heater 
engines  is  probably  in  part  due  to  No.  711  being  constantly  used 
for  investigation  work,  and  being  kept  in  first-class  order.  Coal 
was  also  most   likely  booked    to  it  more  carefully  than   it  would 
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otherwise  have  been.  The  figures  for  No.  711  with  and  without 
heaters  are  fairly  comparable.  Engine  No.  677  is  of  another 
class,  being  of  the  4-4-2  type,  with  cylinders  18  inches  by  26  inches, 
heating  surface  of  1,535*5  square  feet  in  the  tubes,  and  140*25 
square  feet  in  the  fire-box,  and  a  grate  area  of  24  square  feet. 
An  all-round  improvement  in  this  case  of  18  per  cent,  is  shown 
for  the  heaters ;  but  if  the  comparison  be  confined  to  periods  of 
like    climatic    conditions    (an    important   point   when   work    in   a 

TABLE  3. 
Service  Working  of  Feed-Heater  and  Non-Heater  Engines. 


Average    load,  tare  behind  \ 
tender     .         .         .         .   / 

Average  lb.  of  coal  per  mile 

r} 


Average  lb.  of  coal  per  ton 
mile 


Engine 

Engine 

29  Sister 

Engine 

No.  711 

No.  711 

Engines 

No.  677 

without 

with 

without 

with 

heaters. 

heaters. 

heaters. 

heaters. 

249-6 

281-6 

231 

280 

41 

35-9 

40-2 

37 

0-1643 

0-1276 

0-1749 

0-1322 

Engine 
No.  677 
without 
heaters. 


278-4 

45-1 

0*1622 


Difference  in  favour  of 
heaters  on  coal  per  ton- 
mile.        .         .         .      lb. 


Ditto 


Per  cent. 


0-0367  lb.  0-0473  lb. 


22 


27 


0-031  lb. 
18 


country  such  as  Egypt  is  being  considered)  this  engine,  fitted 
with  heaters,  showed  an  improvement  of  20  *  5  per  cent,  over  her 
working  without  them. 

Considering  the  modified  smoke-box  arrangement,  the  result 
shown  for  the  trials  of  Engine  No.  711  (an  economy  of  23  per 
cent.)  is  in  remarkably  good  agreement  with  the  saving  indicated 
by  the  method  of  Fig.  10  (page  360).  A  point,  indicating  these 
trial  results  on  the  Egyptian  State  Railways,  is  marked  on  Fig.  1 1 . 
Feed-heating  has  been  carried  to  certain  lengths  on  other  systems, 
but  not  to  such  high  temperatures  as  these.  In  England,  on  the 
Continent,  and  in  America,  feed- heating  has  been  tried  on  a  more 
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or  less  extensive  scale,  but  in  most  cases  exhaust-steam  heating 
only  has  been  used.  A  point  indicating  results  of  the  late  Mr. 
Dugald  Drummond's  system,  on  the  London  and  South  Western 
Railway,  has  been  inserted  in  Fig.  11  (page  363),  as  well  as  one 
for  a  system  in  use  on  the  Central  of  Georgia  Railway  (U.S.A.). 
All  these  points  are  in  fair  agreement  with  the  curve  No.  1  of 
diagram.  Fig.  11.  If  part  of  the  exhaust  steam  be  efl&ciently 
employed  in  raising  the  feed  to  temperatures  approaching  the 
maximum,  its  utilization  in  this  manner  is  productive  of  more 
economical  working  than  its  use  in  the  blast  would  be,  in 
maintaining  a  higher  smoke-box  vacuum. 

(2)  Moderate  Degree  Feed-Heating  and  Moderate  Superheating  by 
Waste  Gases. — A  typical  installation  of  this  class  is  described  in 
Appendix  I  (Type  B,  page  392).  With  supply  at  65°  F.  the  pump- 
exhaust  warms  the  feed  to  90°  F.,  and  part  of  the  main  cylinder 
exhaust  subsequently  carries  it  to  about  210°  F.  The  waste-gas 
heater  gives  superheat  of  about  90°  F.  on  a  boiler  pressure  of  180  lb. 
per  square  inch.     For  the  sake  of  moderation  85°  F.  will  be  taken. 

According  to  Fig.  9  (page  358)  this  degree  of  superheat  reduces 
the  steam  consumption  by  about  9  per  cent.  Instead  of  the 
542-57  lb.  necessary  in  Case  I,  only  493*74  lb.,  therefore,  need  to 
be  supplied  to  this  engine  for  the  same  work.  Each  1  lb.  contains, 
however,  1215-33  B.Th.U.  above  65°  F.,  and  the  total  heat  to  be 
supplied  for  engine  purposes  is  now  (493*74  X  1215*33)  =  600,060 
B.Th.U.  The  pump  requires  (493*74  X  0*022)  =  10-86  lb.  of 
steam,  which,  taken  from  the  dome,  is  saturated.  This  represents 
(10-86  X  1164-63)  =  12,650  B.Th.U.,  and  the  total  engine  and 
pump  requirements  amount  to  612,710  B.Th.U.,  supplied  as  in 
Table  4. 

In  this  case  coal  has  only  to  be  burnt  to  supply  the  514,560 
B.Th.U.  demand(!d  of  the  boiler  {see  Fig.  14,  page  370).  As  before^, 
the  demand  is  first  increased  from  A  to  A^  by  the  adoption  of 
the  pump.  From  the  co7!\*sponding  point  B  on  the  curve  d^ 
superheating  icducc^s  tlui  total  dcuiiand  to  J>,  Jind  C  (612,170 
B.Th.U.).     Tiiciico   to   Ci   and    1)   (600,130  B.Th.U.)   the  demand 
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is  lowered  by  the  use  of  the  pump-exhaust,  and  to  D^  and  E 
(539,590  B.Th.U.)  by  the  main  exhaust-heaters.  The  superheater 
completes  the  process  by  relieving  the  boiler  of  duty  equal  to 
25,030  B.Th.U.,  and  the  demand  is  brought  down  in  this  way  to 


TABLE  4. 

Heat  supplied  when  using  moderate  Feed-Heating  and  moderate 

Superheating . 


Source  of  Heat. 


Pump  exhaust-heater 


Main  exhaust-heaters  J 1215  "33 


Boiler 


Superheater 


Proportion  of 
Total. 


[     24-03 
1216-33 


24-93 
1164-63 


119-99 


119-99 
1164-63 


1019-71 
1215-33 


1019-71 
1164-63 


/     50-7 
11215-33 


Totals    .      .       600,060 


B.Th.U.  supplied 


To 
Engine. 


12,310 


59,240 


503,480 


25,030 


To 
Pump. 


270 


1,300 


11,080 


12,650 


To  Engine 
and  Pump. 


12,580 


60,540 


514,560 


25,030 


612,710 


El  and  F  (514,560  B.Th.U.),  corresponding  to  a  coal  rate  of  58*  1  lb. 
per  square  foot  of  grate  per  hour,  compared  with  the  original  80  lb., 
or  a  saving  of  nearly  27*4  per  cent. 

EEi  and  FF^  represent  heat  taken  from  the  waste  gases  in 
superheating,  and  the  loss  in  these  gases  is  reduced  from  AAg 
(156,000  B.Th.U.)  to  F1F2  (102,500  B.Th.U.)  — a  saving  of 
34*3  per  cent.      The  loss  by  unburnt  fuel  is  restricted  to  F2F3 

2  D 
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(173,000  B.Th.U.)  in  lieu  of  A2A3  (332,000    B.Th.U.)— a  fall  of 
48  per  cent. 
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Fig.  14. 

Diagram  showing  the 

economy  of  Feed-Healing 

to  210^  F. 

combined  with 

Superheating  hy  Waste 

Gases  to  85°  F. 


Among  others,  two  long  series  of  trials  of  this  class  of 
installation  have  been  conducted  on  the  Egyptian  State  Railways. 
The  most  important  was  carried  out  in   1011,  though  the  system 
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had  then  been  in  actual  operation  for  some  time  on  a  comparatively 
large  scale.  The  heaviest  scheduled  trains  between  Cairo  and 
Alexandria,  having  average  speeds,  deducting  for  stops,  of  between 
42*4  and  43*3  miles  per  hour,  with  loads  usually  above  330  and 
frequently  over  400  tons  tare  behind  the  tender,  were  worked. 
The  heater  Engine  No.  706,  five  sister  engines  without  heaters,  and 
one  engine  of  the  same  class  (No.  712  as  then  fitted)  with  a  high- 
degree  superheater  and  piston-valves,  were  all  run  in  one  link 
working  with  three  De  Glehn  compounds.  The  latter  engines  now 
usually  handle  these  trains.  They  have  cylinders  13 j  and  22  inches 
by  25J  inches,  total  heating  surface  of  2,365  •  5  square  feet,  working 
pressure  of  228  lb.  per  square  inch,  and  total  weight,  with  tender, 
of  107*25  tons.  The  engines  of  the  706  class  weigh  some  20  tons 
less  than  this.  Their  chief  particulars  are  given  on  page  391.  Coal 
was  dealt  with  as  described  on  page  365,  but  the  records  were  kept 
for  overall  service  working,  and  not  as  in  the  trials  there  alluded 
to,  for  running  time  only.  The  figures  in  Table  5  (page  372), 
therefore,  include  lighting  up,  and  some  unavoidable  light  mileage, 
the  latter,  however,  being  negligible.  In  aU  these  trials  the 
checking  of  the  coal  was  officially  carried  out  by  the  Stores 
Department  and  by  representatives  of  the  General  Manager.  The 
provision  of  the  coal  in  sealed  sacks  effectually  prevented  the 
favouring  of  any  engine  with  selected  coal.  On  these  railways 
the  Stores  Department  is  always  responsible  for  the  coal  until  it 
is  actually  on  the  tenders. 

The  figures  of  Table  5  (page  372)  are  from  the  report  by  Mr. 
H.  W.  Davis  (Member)  to  the  General  Manager  on  these  trials. 

Engine  No.  706  proved  the  most  economical  of  the  whole  link, 
and  showed  30*8  per  cent,  economy  over  the  non-heater  engines, 
and  handled  throughout  the  heaviest  trains.  It  showed  an  economy 
of  20  per  cent,  on  the  De  Glehn  compounds.  The  difierence 
between  the  30  per  cent,  economy  shown  in  these  trials  and  the 
27-4  per  cent,  deduced  by  means  of  Fig.  14  may  be  due  to  several 
causes.  The  average  superheat  may  be  nearer  90°  F.  than  the 
85'^  F.  taken  above,  or  the  saving  indicated  by  the  Purdue  tests 
may  not  quite  coincide  with  the  actual  saving,  or  again  the  difference 

2  D  2 
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may  be  due  to  excessive  moisture  in  the  steam  produced  in  the 
ordinary  engine. 

Another  test  is  interesting,  though  made  with  a  lighter  class  of 
engine,  fitted  with  a  type  of  installation  since  greatly  improved 
upon.  These  trials  covered  the  service  working  of  the  Upper 
Egypt  expresses  for  a  period  of  over  two  months,  extending  to 
88,480  train-miles,  run  by  sixteen  heater  and  eighteen  non-heater 
engines.     The  trains  are  worked  in  three  sections — Cairo-Minieh 


TABLE  5. 
Trials  of  moderate  Feed-Heating  combined  ivith  moderate  Superheating. 


Engine  Nos. 


System. 


Average  load  tare  behind  tender    . 
Coal  consumption,  average  lb.  per  mile  . 

Economy  in  favour  of  Engine  No.  706   . 
Coal  consumption,  av.  lb.  per  ton-mile  . 

Economy  in  favour  of  Engine  No.  706    . 


697,  713, 

717,  720, 

721. 


Ordinary. 


328-6 

47-7 


706. 


Heater. 


336 
33-8 


669,  674, 
675. 


De  Glehn. 


333-5 

42 


29-2%  19-5% 


0-1453 


0-1005 


0-1261 


30-8%  20-25% 


(154  miles),  Minieh-Sohag  (138  miles),  Sohag-Luxor  (128  miles). 
Coaling  was  done  at  Cairo  and  Sohag  only,  from  the  latter  engines 
working  both  north  and  south.  Engines  were  given  sealed  sacks 
of  coal  sufl&cient  for  both  the  out  and  home  trips.  The  distance 
in  Section  I  (Cairo-Minieh)  is  accomplished  with  three  intermediate 
stops,  in  Section  II  (Minioh-Sohag)  with  eleven  stops  and  ten  slacks 
for  stjiir  changing,  and  in  Section  III  (Sohag-Luxor)  wdth  thirteen 
stops  and  sev(5n  slacks  for  stafi'  changing.  The  results  are  given 
in  Tables  6  and  7  (l)ages  374-5).  Train  loads  were  kept  uniform 
throughout  the  test,  an  extra  coach  being  added  at  intervals,  until 
the  capacity  of  the  non-heater  engines  was  exceeded. 
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The  coal  economy  per  ton-mile  varied  in  these  trials  for  the 
heater  engines  from  22*1  per  cent,  in  Section  I  to  25 '5  per  cent, 
in  Section  III,  with  an  average  of  23*7  per  cent,  for  the  whole  test. 
These  Tables  are  reproduced,  however,  to  show  the  effect  which 
load  and  stops  have  upon  the  economy.  On  light  trains  in 
Section  I,  with  three  stops  only,  the  non-heater  engines  took 
36*7  lb.  of  coal  per  mile  and  the  heater  engines  took  28*4  lb. 
For  similar  trains,  in  Section  III,  with  thirteen  stops  and  seven 
slacks,  the  consumptions  were  42*9  lb.  and  33*5  lb.  respectively, 
the  heater  engine  taking  5*1  lb.  extra  per  mile,  but  the  non-heater 
6*2  lb.  extra.  For  the  heavy  trains  the  difference  is  increased. 
In  Section  I,  for  trains  of  337  tons  tare  behind  the  tender,  the 
non-heater  engines  took  38  '4  lb. ;  but  in  Section  III  they  took 
47*1  lb.,  a  difference  of  8*7  lb.,  while  the  heater  engines  took 
30  •  6  for  Section  I  and  only  34  •  4  for  Section  III,  a  difference  of 
3-8  lb. 

In  an  extension  of  this  test,  in  Section  I,  the  heater  engines 
were  able  to  handle  satisfactorily,  trains  of  a  weight  which 
completely  outclassed  the  non-heater  engines,  it  being  quite 
impossible  to  keep  time  with  the  latter. 

In  regular  service,  engines  fitted  with  the  apparatus.  Type  B, 
Appendix  I  (page  392),  have  confirmed  the  tests.  Engines  of  the 
706  type  have  run  consistently  on  an  extremely  low  consumption, 
in  complete  accord  with  the  test  results.  Direct  comparison  with 
sister  non-heater  engines  is,  unfortunately,  no  longer  possible  in  this 
case,  since  the  use  of  the  non-heater  engines  on  the  heaviest 
schedules  had  to  be  abandoned,  owing  to  the  time  they  lost.  For 
two  months  for  which  the  records  were  recently  taken  out.  Engines 
Nos.  706  and  714  averaged  respectively  trains  of  349*3  and  345*5 
tare  tons  behind  the  tender  (loads  which  the  sister  non-heater 
engines  cannot  touch  on  this  timing)  at  a  coal-consumption  per 
ton-mile  of  0*1005  lb.  including  lighting  up,  etc.,  and  are  very 
consistent  over  long  periods.  This  consumption  is  identical  with 
that  of  No.  706  during  the  trials  mentioned  on  pages  371-2. 

The  trial  results  for  the  Upper  Egypt  "  612  "  class  are  likewise 
supported  by  Table  8  (page  376)  taken  from  the  registers. 
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(3)  High-De(jree  Feed-Heating  and  High-Degree  Superheating. — 
Owing  to  the  lack  of  suflBcient  data  it  is  not  proposed  to  go  at 
length  into  calculations  regarding  this  combination.  It  is  not 
known  how  far  the  curve  d,  Fig.  2  (page  347),  agrees  with  the 
performance  of  a  combined  high-degree  superheater  and  boiler. 
Further,  when  high-degree  feed-heating  is  combined  with 
superheating,  the  superheat  is  reduced,  but  to  what  extent  is  yet 
uncertain.     Also,  superheater   engines   are   commonly  fitted   with 

TABLE   8. 
Service  worTcing  for  Upper  Egypt  Engines  "  612  "  class. 


1909  I 

1910 
1909-10 

9  months  \ 

1910  / 

9  months  \ 
1910       ( 


16  Engines  before  fitting"! 
with  heaters  / 

Same      ,,      after      ,, 

19  Engines  not  fitted     . 

16  Engines  fitted  with\ 
heaters 

19  Engines  not  fitted 


Average 

tare. 

Load  tons. 


240-2 

263-5 
246-4 

266-6 
246-4 


Coal  per 
ton-mile. 


0-1692 

0-1201 
0-1626 

0-1194 

0-1565 


Economy 

in  favour  of 

Heaters. 


i23-7     „ 


piston-valves,  to  which  part  of  their  performance  should  rightly  be 
credited,  instead  of  the  improvement  being  wholly  imputed  to  the 
superheating  system. 

If,  however,  superheating  to  200^  F.  with  feed-heating  to 
290'  F.  be  considered,  using  the  curve  d^  Fig.  2  (page  347),  as  the  basis, 
tlio  following  results  are  shown  : — Fig.  9  (page  358)  shows  for  this 
superheat  21  •L5  per  cent,  steam  economy.  The  original  542*57  lb. 
of  enirine  steam  would  therefore  bo  reduced  to  427*82  lb.  and  the 
heat  needed  would  be  427*82  (1,307-33*07)  =  545,010  B.Th.U. 
Tlie  pump  takes  saturated  steam  representing  (427*82  X  0*022 
X  1,1()4*63)=  10,900  B.Th.U.,  the  total  being  555,970.  Subdividing 
this    among     the    pump-heater,     tlie     main    exhaust-heaters,    the 
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smoke-box  heater,  and  the  superheater  and  boiler,  it  is  found  that 
457,050  B.Th.U.  have  to  be  provided  by  the  superheater  and  boiler. 
The  point  on  the  curve  d  corresponding  with  this,  represents  a  rate 
of  firing  of  49  •  1  lb.  per  square  foot,  as  against  80,  or  a  saving  of 
38-64  per  cent.  The  loss  in  the  waste  gases  has  been  reduced 
57  per  cent,  and  that  by  unburnt  coal  75  per  cent.  These  large 
savings  seem  to  be  substantiated  in  practice. 

A  smoke-tube  superheater,  giving  200°  F.  superheat,  may  not 
be  considered  to  be  representative  of  usual  practice,  but  the  figure 
is  chosen  because  of  the  unavoidable  fall  of  superheat  already 
referred  to.  With  the  lessened  boiler  duty  the  intensity  of  draught 
is  reduced,  and  as,  for  a  wide  range,  superheat  varies  approximately 
as  the  draught,  a  drop  on  conversion  is  natural. 

On  the  Egyptian  State  Kail  ways  an  engine.  No.  712,  giving 
about  200-220°  F.  superheat  before  conversion,  gave  after  the 
addition  of  the  feed-water  heaters  (see  Type  C,  Appendix  I, 
page  397)  superheat  of  about  150°  F.  Nevertheless  the  results 
proved  very  satisfactory. 

For  reasons  identical  with  those  stated  on  page  373,  this  engine 
could  not  be  tested  at  its  best  loads  against  sister  non-heater 
engines.  A  trial  attempted  had  to  be  abandoned.  Engine  No.  712 
was  therefore  run  against  the  heater  Engines  Nos.  706  and  714, 
and,  compared  with  them,  with  average  tare  loads  behind  the 
tender  of  346  •  8  tons,  showed  a  consumption  of  only  27  *  7  lb.  per 
mile  or  0*0798  lb.  per  ton-mile;  this  is  an  economy  of  20*0  per  cent. 
over  the  type  B  heater  Engines  Nos.  706  and  714.  In  the  1911 
trials  Engine  No.  706  worked  at  exactly  the  same  consumption  as 
during  this  latter  period  (cf.  pages  373  and  371),  and  the  consumption 
of  Engine  No.  712,  fitted  with  the  high-degree  feed  and  high 
superheat  combination,  may,  in  default  of  more  direct  means,  be 
compared  w^ith  that  which  the  non-heater  engines  then  showed. 
If  running  at  an  economical  load.  Engine  No.  712  would  thus  show 
an  economy  of  45  per  cent,  over  sister  non-heater  engines. 

Direct  comparison  being  impossible  on  the  heavy  workings, 
Engine  No.  712  was  transferred,  for  a  short  time,  to  a  link  of 
lighter  trains  handled  by  the  non-heater  engines.     On  these  trains, 
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however,  Engine  No.  712  was  underrated  and  was  not  working  at 
its  best.  It  averaged,  for  trains  of  262  tons  tare  behind  tender, 
0'0952  lb.  per  ton-mile,  against  the  average  for  several  non-heater 
engines  of  0*1528  lb.  on  trains  of  256*5  tons  load,  or  an  economy 
of  37*7  per  cent. 

Economical  Features  of  the  Systems. 

The  Blast. — In  a  Paper  on  the  efficiency  of  the  method  of 
creating  draught  by  means  of  the  blast,  read  recently  by  Mr.  H.  B. 
MacFarland  of  the  Atchison,  Topeka  and  Santa  Fe  Railway,  before 
the  International  Railway  Fuel  Association,  the  author  showed 
how  disproportionate  is  the  effect  produced,  to  the  power  consumed 
in  maintaining  the  smoke-box  vacuum.  By  ensuring  equivalent 
output  with  reduced  draught,  improvement  in  this  direction  is 
secured,  and  the  engine  is  made  freer,  in  addition  to  the  boiler 
losses  being  reduced. 

The  use,  in  all  the  heater  systems  here  dealt  with,  of  part 
of  the  cylinder  exhaust  for  feed-heating,  is  equivalent  to  an 
enlargement  of  the  blast-pipe  top.  The  volume  of  steam  driven 
through  the  orifice  is  diminished  by  over  12  per  cent.  The 
diameter  of  the  blast-pipe  top  is  thus  virtually  increased  from 
the  actual  4J  inches  to  a  corresponding  4£  inches,  or  from  4J 
inches  to  a  corresponding  5  inches  top.  Again,  enclosing  the 
blast  in  a  comparatively  small  chamber,  as  in  the  later  Egyptian 
Stiite  Railways  systems,  increases  the  inducing  action  and  results 
in  comparatively  high  vacua  with  a  larger  nozzle  than  is  used  in 
the  standard  engine.  In  the  latter  a  top  of  4^  inches  is  used 
above  the  netting,  and  produces  in  front  of  the  tube  space  a 
vacuum  of  about  6  inches  in  normal  working.  With  the  high- 
degree  superheat  system  alone,  as  fitted  to  Engine  No.  712,  it  was 
necessary  to  reduce  the  top  from  4j^  to  4j|  inches  to  obtain  a 
proper  vacuum  with  the  leduced  ipiantity  of  steam  then  used. 
Since  fitting  the  feed-lieaters  to  this  engine  (Type  0,  Appendix  I, 
page  397)  the  blast-pipe  has  been  again  enlarged  to  4t^  inches,  and 
as  part  of  the  exhaust  is  used  for  feed-heating,  it  is  now  virtually 
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one  4j  inches  in  diameter  for  about  15  per  cent,  less  steam  than 
passes  through  the  standard  top  of  the  ordinary  engine.  The  size 
to  which  this  4J-inch  top  actually  corresponds  is  thus  about 
5  inches  in  diameter.  In  the  case  of  the  engines  with  high-degree 
feed,  or  with  moderate  feed-heating  and  superheating  combined, 
4^-inch  tops   are    used,   the    virtual   size   being,   therefore,   about 

5  inches.  The  cylinders  benefit  greatly  by  this  increased  area 
and  the  resultant  reduction  of  back-pressure. 

With  these  blast-pipe  tops  a  vacuum  of  from  6  to  8  inches  is 
obtained  in  the  small  blast- chamber.  This  is  reduced  by  the 
resistance  offered  by  the  heater  tubes,  and  there  is  a  vacuum  in 
the   smoke-box   proper    of    from    2    to    3    inches   compared   with 

6  inches  or  more  in  the  ordinary  engine.  This  is  in  accord  with 
the  reduced  rates  of  firing  necessary,  to  which  a  lighter  draught 
corresponds.  The  natural  accompaniment  of  the  softer  draught, 
which  allows  a  thinner  and  more  efficient  fire,  is  higher  boiler 
efficiency  with  reduced  losses  in  unburnt  coal. 

The  Beduction  in  the  Loss  of  unburnt  Goal, — The  lighter  draught 
just  considered  results  in  less  loss  in  unburnt  fuel.  The  Egyptian 
State  Railways  engines  show  progressively,  less  accumulation  of 
cinders  in  the  smoke-box  with  increased  economy.  In  the  non- 
heater  engines  the  quantity  of  cinders  retained  in  the  smoke-box 
is  large,  and  after  a  certain  length  of  run  practically  all  cinders, 
coming  through  the  boiler-tubes,  except  the  largest,  are  probably 
ultimately  forced  through  the  spark  arrester  mesh  and  ejected.  In 
one  class  of  passenger  engines  the  smoke-box  cinders  amounted  to 
2*173  lb.  per  mile,  equivalent  to  about  1*87  lb.  of  coal.  In  sister 
engines,  fitted  for  moderate  feed-heating  and  moderate  superheating, 
the  ash  collected  in  the  smoke-box  was  only  0*796  lb.  per  mile, 
equivalent  to  0*68  lb.  of  coal.  In  another  class  of  engine  with 
installations  of  this  type,  the  ash  retained  was  found  to  be 
1*168  lb.  per  mile,  compared  with  3*823  lb.  for  the  non-heater 
engines,  equal  to  a  saving  of  2*28  lb.  of  coal  in  the  smoke-box 
cinders  alone,  on  a  consumption  of  about  47  •  75  lb.  per  mile. 
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The  engine  with  the  high-degree  superheater  only,  showed  very 
similar  results,  while  after  the  addition  of  the  high-degree  feed-water 
heating  apparatus,  the  smoke-box  cinders  collected  only  amounted 
to  0*26  lb.  per  mile.  Taking  into  consideration  the  ash  ejected, 
the  actual  saving  is  much  greater  than  these  figures  indicate. 
On  account  of  the  lighter  draught  of  the  heater  engines  and 
the  obstruction  offered  by  the  heater,  it  is  probable  that  a  larger 
proportion  of  the  cinders  drawn  through  the  boiler  tubes  is 
retained  in  the  heater  engine  smoke-box,  than  in  that  of  the  non- 
heater.  The  total  saving  is  therefore  probably  very  considerable. 
Absolute  deductions,  however,  are  impossible  on  this  point. 

The  reason  why  the  heater  engines  show  greater  economy 
over  the  ordinary  engines  when  on  stopping  trains  than  when  on 
fast  non-stop  expresses,  is  connected  with  the  blast  and  heater. 
The  smoke-box  heater  offers  some  resistance  to  the  flow  of  the 
gases,  and  has  the  effect  of  damping  the  heavy  pulsations  of  the 
blast  when  the  engine  is  working  at  or  near  full  gear.  The  fire 
is  not  lifted  in  the  same  way.  The  loss  of  coal  is  thus  reduced. 
This  becomes  marked  when  loads  are  heavy  and  stops  frequent,  as 
is  shown  in  Tables  6  and  7  (pages  374-5). 

The  JReduction  in  Smoke-hox  Temperatures. — A  reduction  in 
the  final  temperature  of  the  waste  gases  naturally  results  from 
the  use  of  a  smoke-box  heater.  On  ordinary  engines  of  the  class 
cliiefly  dealt  with  in  this  Paper,  the  temperature  in  the  smoke-box, 
when  on  a  fast  and  heavy  schedule,  will  be  as  high  as  800°  F.  with 
a  G-inch  smoke-box  vacuum.  The  reduced  vacuum  in  the  smoke- 
box  proper  of  the  heater  engines  lowers  this.  In  the  case  of  the 
engines  Type  A,  with  the  high-degree  feed-heating  system,  750°  F. 
is  a  typical  smoke-box  figure,  while  in  passing  tlirough  the  smoke- 
box  feod-heater  the  gases  fall  further,  to  about  463°  F.  In  the 
cngin(3s  Typo  13,  with  the  moderate  feed-heating  and  moderate 
Hupcjrheat,  the  smoke-box  temperature  is  about  730°  F.  and  tlio 
final  temperature  492°  F.  In  engine  Type  C  (high  feed-heating 
and  higli-degree  superlieating)  the  draught  is  so  light  that  the 
smoke-box   temperature   is  no  more  than  668°  F.  at  heavy   load, 
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and  about  634°  F.  on  a  slightly  lighter  rating,  with  final 
temperatures  of  410°  F.  and  389°  F.  respectively,  the  steam 
temperature  being  about  530°  F. 


Economy  and  Permissible  Engine  Weight. 

It  has  already  been  stated  that  if  increase  of  weight  permit, 
an  enlarged  boiler  will  result  in  a  certain  degree  of  economy. 
Based  upon  American  practice,  Dr.  Goss  has  drawn  the  full  line 
AB,  Fig.  15  (page  382),  to  show  the  economy  that  would  be 
expected  when  an  allowable  increase  in  weight  is  utilized  in 
enlargement  of  the  boiler  capacity  of  an  engine.  No  great 
improvement  can  be  looked  for  by  the  use  of  this  compared  with 
other  methods  available.  The  ordinary  standard  4-4-0  engines 
(695-724  class)  of  the  Egyptian  State  Railways  weigh  about 
50  tons  15  cwt.  without  tender.  The  addition  of  the  Type  B 
heating  apparatus,  and  a  trimming  slab  at  the  trailing  end,  involves 
an  increase  of  about  3*75  tons,  that  is,  about  7*6  per  cent.,  while 
coal  economy  amounting  to  30  per  cent,  results  from  the  addition. 
The  Type  C  combination  fitted  to  Engine  No.  712  results  in  an 
economy  of  45  per  cent,  for  an  increase  of  4*75  tons,  or  9*7  per 
cent.  These  weights  are  comparatively  small  for  the  improvement 
shown.  Points  representing  the  installations  Types  A,  B  and  C, 
are  shown  in  Fig.  15  (page  382)  and  indicate  the  superiority  of 
these  systems  as  compared  with  the  mere  enlargement  of  boiler 
capacity.  A  further  point  in  the  diagram  indicates  the  position 
of  the  De  Glehn  compounds.  These  engines  weigh  67  tons  1  cwt. 
without  the  tender.  They  show  an  economy  over  the  non-heater 
four-coupled  engines  of  13*3  per  cent,  on  an  increase  of  weight  of 
32  per  cent.  Judged  by  the  "  additional  weight "  standard,  these 
engines  show  up  less  well  than  would,  according  to  Dr.  Goss,  the 
simple  large-boilered  engine,  at  least  as  far  as  continuous  work  is 
concerned.  However,  the  heater  engines  easily  have  the  advantage 
in  this  respect,  both  over  the  large  locomotive,  as  such,  and  over 
heavy  compounds  of  the  De  Glehn  type. 
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Additional  Power. 

A  diagnim  complementary  to  Fig.  15,  would  be  one  showing 
the  increase  of  power,  obtained  for  the  increments  of  weight 
resulting  from  the  introduction  of  heater  systems.     Owing  to  the 


Fig.  15. 
Eelation  of  Economy' of /carious^  Systems  to  Increase  of  Weight. 
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impossibility  of  carrying  out  tests  in  great  detail  on  the  Egyptian 
State  Railways,  the  necessary  information  for  this  is  not  available. 
Tliore  is,  however,  ample  evidence  that  enhanced  power  results 
from  the  use  of  these  systems.  Their  effect  is  similar  to  that  of 
the  enlargement  of  the  boiler,  namely,  to  move  the  "  characteristic  " 
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outwards  on  the  diagram,  so  that,  at  the  usual  working  speeds, 
additional  capacity  results  in  increased  draw-bar  pull,  which  maybe 
utilized  either  in  increase  of  speed  or  load. 

It  is  frequently  advanced  that,  because  at  equal  loading  an 
economy  in  coal  is  shown,  at  equal  rates  of  firing  a  proportional 
increase  of  power  is  secured.     When  an  engine  shows  20  per  cent. 

economy  in  coal  ( — ^^     ),  it  is  held  that  at  equal  rates  of   firing 

the  increase  in  power  should  be  — ^q —   or  25  per  cent.     Such  an 

example  is  given  in  Herr  Garbe's  book  entitled,  "  The  Application 
of  Highly  Superheated  Steam  to  Locomotives,"  and  others  are 
constantly  met  with.  The  argument  is  fallacious.  While  the 
coal-consumption  increases  along  the  steep  line  a,  Fig.  2  (page  347), 
the  output,  upon  which  power  is  dependent,  only  increases  along 
the  line  d,  that  is,  at  a  much  slower  rate. 

The  eff'ect  in  the  first  case  of  high-degree  feed-heating  (Type  A) 
considered  on  page  361,  is  to  give  the  boiler  of  that  engine  an 
increase  in  output  of  from  531,720  B.Th.U.  to  632,000  B.Th.XJ.  at 
equal  consumption.  This  is  equivalent  to  an  increase  of  18*8  per 
cent,  compared  with  the  coal  economy,  at  equal  loads,  of  24  per  cent., 
and  with  a  figure  of  31*5  per  cent,  found  by  the  common  method. 
If  general  conditions  remain  unchanged,  the  increase  in  available 
power  is  greater  than  18*8  per  cent.  If  at  speeds  of  about  200 
revolutions  per  minute,  the  power  absorbed  in  engine  friction  be 
taken,  for  the  sake  of  an  example,  to  be  20  per  cent,  of  the  total, 
the  actual  increase  in  power  available  for  overcoming  external 
resistances,  of   the  feed-heater  engine,  is  not  18*8  per  cent.,  but 

98-8-80 

8Q —  X  100  =  23*5  per  cent. 

In  the  second  case  (Type  B  installation),  the  increase  in  boiler 
output  would  be  (page  369)  from  514,560  B.Th.U.  to  632,000 
B.Th.U.,  or  22*8  pfer  cent.,  equivalent  to  28*5  per  cent,  extra 
power.  In  case  III,  considered  on  page  376  (Type  C  installation), 
the  combined  boiler  and  superheater  output  would  be  increased  from 
457,050  B.Th.U.  to  632,000  B.Th.U.,  or  38-2  per  cent.,  equivalent 
to  47*7  per  cent,  extra  available  power.      It  is  here  assumed  that 
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the  heater  engine  smoke-boxes  are  normal.  Actually  this  is 
not  so.  Head  resistance  must  be  combined  with  internal  engine 
resistance  when  estimating  additional  power  at  the  draw-bar,  or 
loading. 

Additional  power  has  resulted  from  all  the  heater  systems  used 
on  the  Egyptian  State  Railways.  Table  9  shows  the  results 
for  the  trials  of  Engines  Nos.  711  (Type  A  installation)  and 
695,  described  on  page  365.  Table  3  (page  367)  also  shows  that,  in 
ordinary  service.  Engine  No.  711  with  heaters  has  averaged  heavier 
trains   than  when   the  heaters  were  out  of   use,  and   also  trains 


TABLE  9. 
Additional  loading  of  Feed- Heater  Engine  No.  711. 


Engine 
No. 

Class  of 
Train. 
Tons. 

Average  lb. 

of  Coal 

per  Mile. 

Actual 
Load. 
Tons. 

Additional  Load  taken 
by  Engine  No.  711. 

Tons. 

Per  cent. 

711 
G95 
711 
695 

250-300 

under  250 

350-400 

250-300 

30-2 
31-3 

38-2 
38-2 

268-3 
206-8 
362-4 
267-6 

61-5 
.      94-8 

29-7 
35-4 

heavier   than   sister   non-heater   engines.     Other    engines    showed 
similar  results. 

The  engines  fitted  with  the  Type  B  arrangement  are  regularly 
employed  for  the  heavier  trains.  Engines  of  one  class  in  Upper 
Egypt  were  specially  converted  to  meet  the  demand  of  the  traffic 
department  for  more  power,  when  it  was  not  expedient  either  to 
purchase  new  stock  or  to  strengthen  the  road  sufliciently  for 
engines  of  much  greater  weight.  They  have  averaged  loads  about 
20  tons  greater,  at  a  smaller  consumption,  than  the  ordinary  sister 
engines,  and  an;  capabl(;  of  dealing  economically  with  still  lieavier 
loads.  Engines  Nos.  706,  714,  etc.,  work  in  a  link  with  large 
De  Glehn  compounds  and  heavy  4-G-O  type  passenger  engines,  and 
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handle,  well  to  time,  trains  of  405  tons  tare  behind  the  tender ;  this 
is  an  increase  of  about  50  per  cent,  above  the  loads  for  which 
they  were  originally  intended.  They  average  regularly  350  tons 
compared  with  the  270  for  which  this  class  of  engine  is  scheduled. 

The  limiting  load  of  Engine  No.  712  (Type  C  installation)  has 
not  been  determined  by  steam-production.  This  engine  runs  in 
the  link  of  heavy  trains,  and,  as  far  as  ability  to  keep  time  is 
concerned,  is  thoroughly  efficient.  Its  capacity  is  limited  by  the 
risk  of  running  hot  with  the  additional  loads,  at  high  speed.  The 
bearing  surfaces  are  not  now  up  to  the  standard  suitable  for 
loading  the  engine  to  its  maximum  capacity.  These  points  could 
be  met  in  the  case  of  new  engines,  while  if,  for  these  reasons, 
the  fullest  advantage  cannot  be  taken  of  increased  power  after 
conversion,  the  engine  will  always  give  some  increase  in  hauling 
capacity  with  very  considerable  economy  in  coal-consumption.  The 
additional  load  taken,  at  equal  consumption,  by  the  Egyptian  State 
Railways  heater  engines,  is  greater  than  the  estimates  based  on  the 
diagrams  given  in  the  Paper.  Fig.  12  (page  364)  shows  this  to  be 
correct,  the  consumption  lines  for  heater  and  non-heater  engines 
having  different  slopes.  This  must  be  attributed  partly  to  the 
smoke-box  heater  and  its  moderating  effect  on  an  increase  of 
vacuum.     [See  page  404.] 

Practical  Features. 

Certain  matters  bearing  on  the  value  of  the  systems  dealt  with 
in  this  Paper  have  been  reserved  for  Appendix  II  (page  401),  since 
they  are  largely  afi'ected  by  local  conditions.  Practical  features 
of  general  interest  will  now  be  taken. 

As  the  Type  A  smoke-box  heater  has  been  discarded,  its 
features  will  not  be  discussed.  The  smoke-box  heater  in  the 
Type  B  installation,  employed  on  engines  like  No.  706,  is  its 
superior  in  every  way.  The  J-inch  tubes  used  give  no  trouble. 
All  the  attention  these  heaters  receive,  is  to  have  the  front  tube- 
plate  swept  down  with  a  wire  brush  when  the  smoke-box  is  being 
cleaned.       The   tubes   keep    clean    along   the   bore,   and   are   self- 

2  e 
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clearing  with  proper  arrangements  at  the  chimney  end  of  the 
heater. 

A  flue  door  was  introduced  into  the  uptake  in  the  case  of  the 
installations  Type  B  and  C,  Appendix  I  (pages  392  and  397),  in 
order  to  pass  the  gases  of  combustion  direct  to  the  chimney,  while 
raising  steam,  thus  enabling  lighting  up  to  be  carried  out  in  the 
ordinary  way.  Without  this  means  of  temporarily  cutting  out 
the  heaters  the  engines  would  take  longer  to  get  ready.  In  the 
last  type  (D)  a  flue  door  has  not  been  necessary,  for,  owning  to 
the  more  direct  flow  and  to  the  use  of  tubes  of  rather  larger  bore 
(J  inch),  the  resistance  to  the  gases  is  less,  and  lighting  up  takes 
its  normal  course. 

The  systems  described  require  no  special  skill  in  operation, 
such  as  is  needed,  for  instance,  with  compounds  with  independent 
cut-oflf.  The  installation  Type  C  requires  the  small  amount  of 
additional  attention  involved  in  the  working  of  high-degree 
superheater  engines.  With  Engine  No.  712  this  is  eliminated,  so 
far  as  operation  on  the  road  is  concerned,  because  the  superheater 
elements  are  never  raised  to  the  limiting  temperature,  owing  to 
the  greatly  reduced  draught.  It  appears  probable  that,  with  so 
light  a  draught,  the  superheater  element  loops  might  be  lengthened 
somewhat  without  harm,  provided  that  the  dampers  were  properly 
maintained. 

In  the  Type  B  arrangement  there  are  no  adjustments  to  be 
made  nor  dampers  to  be  considered,  in  connection  with  the  smoke- 
box  heater,  which  needs  no  attention.  No  change  is  involved 
with  this  type  in  lubrication  practice,  the  temperatures  attjiinable 
with  the  waste-gas  heater  not  being  higli  enougli  to  give  trouble. 
Slide-valves  with  sight-feed  lubrication  may,  therefore,  be  rebiined. 
Mechanical  lul)ricators  are,  however,  gradually  replacing  the  sight- 
feed  type  on  tlie  Egyptian  State  Railways,  but  quite  apart  from 
any  connection  with  the  heater  systems. 

The  waste-gas  smoke-box  heater  is  exposed  to  temperatures 
having  a  maximum  in  the  neig]d)ourhood  of  750'^  V.  At  tliese 
temperatures  tliere  is  no  risk  of  damage;,  if  the  heater  be  em})ty  of 
steam,    \\']u']\    it    is    used    for    sujx'rlu.'aiiiig.       During    any  stop    a 


March  1913.      LOCO.    SUPERHEATING    AND    FEED-WATER    HEATING.  387 

certiiin  <amount  of  hot  gas  continues  to  pass  from  the  fire-box  to 
the  chimney  by  way  of  the  heater,  which  is  thus  kept  up  reasonably 
near  to  its  working  temperature.  The  use  of  the  blower,  or  the 
act  of  blowing  off  the  brakes,  increases  this  flow,  and  superheat 
results  from  the  start.  The  smoke-tube  superheater,  on  the  other 
hand,  takes  several  minutes  to  reach  its  working  temperature, 
unless  special  arrangements  are  provided.  These  points  have  an 
efi'ect  on  tlie  economy  shown  in  stopping  service. 

If  the  smoke-box  heater  be  used  for  feed-heating,  it  becomes 
eftective  as  a  thermal  storage  system  during  stops  and  periods  of 
light  work  such  as  drifting.  The  temperature  in  this  heater  may 
rise  to  360°  F.  (with  180  lb.  pressure)  during  a  stop,  although  the 
exhaust  heaters  are  not  then  in  operation,  and  there  is  thus  a 
supply  of  hot  water  ready  for  transfer  to  the  boiler  at  the  first 
demand.  The  same  applies  in  drifting.  This  form  of  thermal 
storage,  taking  advantage  of  otherwise  waste  products,  is  a  gain 
in  every  sense.  Both  in  feed-heating  and  in  superheating  the 
harder  the  engine  works  the  higher  the  temperatures  attained. 
On  rising  grades,  therefore,  when  all  the  steam  is  needed,  the 
feed  temperature  and  superheat  are  both  rather  above  the  average. 
In  normal  working,  with  about  30  per  cent.,  or  so,  cut-off,  the 
steam  pressure  in  the  exhaust-steam  feed-heaters  amounts  to  about 
3  lb.  per  square  inch.  The  delivery  from  these  heaters  then  has 
a  temperature  about  210°  F.  When  working  hard  with  later 
cut-off,  the  pressure  may  rise  to  4*5  lb.  per  square  inch,  equivalent 
to  a  steam  temperature  of  about  226°  F.,  and  slightly  higher  feed 
temperatures  are  obtained.  In  the  case  of  the  smoke-box  heater, 
the  greater  draught  with  the  increased  cut-off  involves  an  increase 
in  the  smoke-box  temperature,  favourable  to  an  increase  in  feed 
temperature  or  superheat. 

When  smoke-box  feed-heating  is  installed,  care  must  be  taken 
when  the  regulator  is  closed,  in  order  to  avoid  waste  and  the 
nuisance  caused  by  blowing  off.  The  use  of  the  injector  is  then 
recommended  instead  of  the  pump,  in  order  to  reduce  the  risk  both 
of  blowing  off,  and  of  trouble  from  leaky  heater  tubes. 

2  E  2 
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It  is  found  advisable  to  blow  the  feed-heating  system  thi'ough 
at  regular  intervals.  On  the  Egyptian  State  Railways  this  is 
done  after  about  300  miles,  when  over  a  pit  or  drain.  A  tumbler 
cock,  fitted  on  the  pump  side  of  the  main  exhaust-heaters,  with  a 


Fig.  1G. 

Combined  Boiler  Clack 

and 
Bhwing-throtigh  Valve. 


drain-pipe  sot  in  towards  the  pit,  is  opened,  and  the  special 
clack,  Fig.  10,  is  th(^n  rais(ul  off  its  seat  by  turning  the  screwed 
spindle,  which  engages  loosely  with  jaws  on  the  clack  valve-head. 
The  heaters  are  thereupon  blown  through  in  series,  including  the 
smoke-box  heater,  if  used  for  feed-heating.  The  process  is  simple 
and  quickly  accomplished,  so  that  it  is  readily  adopted  as  one  of 
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the  regular  routine  duties.  A  large  part  of  the  deposit  is  thrown 
down  in  the  exhaust  heaters,*  and  this  operation  removes  a 
considerable  amount  of  scale-forming  matter. 

All  heater  systems  dealt  with  are  handled  equally  well  by 
Egyptian  as  by  European  drivers.  The  fastest  and  heaviest 
trains  on  the  S3^stem  are  regularly  entrusted  to  both  classes  of 
men,  indifferently.  In  order  to  get  the  best  results,  some  little 
co-operation  is  necessary  on  the  part  of  the  men,  but  experience 
has  shown  that  after  a  few  days  they  become  fully  alive  to  the 
benefit  of  the  systems,  on  the  heavier  trains  especially. 

It  is  desired,  in  conclusion,  to  place  on  record  an  appreciation 
of  the  persevering  eflforts  of  those  members  of  the  Egyptian  State 
Railways  locomotive  stajff  who,  during  the  past  twelve  years,  have 
been  closely  connected  with  the  development  of  the  various  systems 
dealt  with  in  this  Paper. 

The  Paper  is  illustrated  by  16  Figs,  in  the  letterpress  and  is 
accompanied  by  2  Appendixes,  illustrated  by  Plates  7  and  8  and 
11  Figs. 


APPENDIX   I. 

The  Development  of  the  Heaters. 

In  the  heater  systems  developed  on  the  Egyptian  State  Railways, 
the  principle  has  been  followed  throughout  of  compelling  all  the 
waste  gases  from  the  boiler,  to  pass  over  the  heating  surface  of 
the  smoke-box  heater.  The  smoke-box  is  virtually  divided  into 
two  by  the  heater,  the  smoke-box  compartment  proper,  and  another 
section  beyond  the  heater,  which  may  be  termed  the  blast-chamber, 
communicating  with  the  chimney.  The  blast  ejects  into  this  latter 
chamber  and  draws  the  gases  through  the  heater  tubes.  Table  10 
(page  390)  illustrates  some  of  the  steps  in  the  evolution. 

*  See  page  402. 
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The  first  of  the  heaters  mentioned  below  was  composed  of  two 
large  ring-shaped  shells  set  one  within  the  other,  Figs.  17-19, 
Plate  7.  The  water  flowed  successively  round  a  |--inch  space  in 
both  heaters  before  passing  to  the  boiler.  Plating,  fixed  to  the 
inner  shell  and  carried  back  to  the  smoke-box  tube-plate,  enveloped 
the  tube  area.  The  blast-pipe  was  carried  up  through  this  plating 
to  the  base  of  the  chimney,  the  gases  being  drawn  forward  from 
the  tube-plate  towards  the  smoke-box  door,  then  back  through 
the  annular  space  between  the  shells,  and  sent  up  the  chimney. 
This  was  a  cumbersome  apparatus  of  small  heating  surface.  In 
Ko.  2  (Table  10)    the   annular   space  was   transformed   into   tube 

TABLE  10. 
Development  of  the  Smolce-hox  Heaters. 


1 

Annular  Shell  Heater 

3-53  sq.  ft.  of  heating  surface  per  1  cwt. 

2 

„        Tubular   ,, 

"  ^        >>              >>            >>               >> 

3 

Twin  Drum            ,, 

94 

4 

Single  „ 

'-'^               )>                 )>               ()                   >> 

space.  Figs.  20-23,  Plate  7.  Subsequently  a  much  higher  ratio  of 
heating  surface  to  weight  was  secured,  by  adopting  small  drums 
containing  small  tubes  (Nos.  3  and  4,  Table  10,  and  Figs.  24  to  32). 
A  heater  of  comparatively  high  efficiency  may  thus  be  obtained. 
The  design  possesses  two  valuable  features  of  equal  importance  to 
the  success  of  waste-gas  heating:  (1)  The  boiler  tube-plate  is  not 
obstructed ;  (2)  the  best  tube  proportions  for  the  heater  may 
b(3  adopted  without  regard  to  limitations  of  a  purely  practical 
character  imposed  by  the  boiler.  The  utmost  amount  of  heat  may 
thus  be  abstracted  from  the  gases,  a  result  impossible  with  a  tubular 
heater  in  the  barrel,  when  the  size  of  the  heater  tubes  is  determined 
by  questions  of  rodding,  retul)ing  of  the  barrel,  etc.  For  heating 
purposes,  long  and  relatively  small  tubes  are  the  most  effective,  and, 
f(;r  :i  giv<'ri  hsngtli,  a  heater  with  small  tubes  is  more;  efficient  than 
one  limited  to  large  tubes.    Moreover  in  the  small  heater,  circulation 
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is  more  rapid  and  the  transmission  greater.  If  the  boiler  tubes  be 
shortened  in  order,  as  is  sometimes  done,  to  provide  space  for  the 
heater,  their  efficiency  is  reduced.  The  resultant  lower  boiler 
efficiency  must  be  made  good  in  the  engine  before  any  net  gain  can 
be  derived  from  the  use  of  the  heater.  A  small  heater  with  small 
tubes,  combined  with  a  normal  boiler  barrel,  is  thus  better  than 
a  large  but  short  heater  with  large  tubes  and  a  shortened  boiler 
barrel,  especially  when  approximately  similar  temperatures  may  be 
obtained  with  both.  From  the  practical  point  there  is  no  comparison 
between  the  two,  the  small  heater  interfering  in  no  way  with  work 
on  the  boiler. 

The  exhaust-heaters  have  been  of  the  tubular  type.  An  early 
form  is  illustrated  in  Figs.  17-19,  Plate  7.  In  later  arrangements 
the  exhaust-heaters  were  placed  on  either  side  of  the  smoke-box  on 
the  running  board,  and  consisted  of  long  cylindrical  shells  fitted 
with  tube-plates  and  small  tubes.  The  water  circulated  outside, 
and  the  steam  through,  the  tubes.  The  pump  exhaust-heater  was 
similar,  but  arranged  vertically  below  the  pump,  on  the  suction  side. 
The  feed  passes  in  series  through  the  two  main  exhaust-heaters, 
which  are  supplied  by  3 -inch  branch  pipes  from  the  exhaust  cavity 
of  the  cylinder  casting.  By  means  of  diaphragms  inserted  among 
the  tubes,  it  is  made  to  traverse  the  length  two  or  more  times. 

The  Egyptian  State  Railways  engines  of  the  695-724  class, 
which  are  chiefly  referred  to  in  the  Paper,  are  of  the  4-4-0  type 
having  18-inch  by  26-inch  cylinders,  a  boiler  pressure  of  180  lb. 
per  square  inch,  and  6 -foot  3 -inch  driving  wheels.  The  grate 
area  is  23*74  square  feet  and  they  have  a  heating  surface  of 
1,108*4  square  feet  provided  by  the  tubes,  and  141*1  in  the 
firebox. 

Type  A.  Installation  for  High-Degree  Feed-Water  Heating. 
(Engine  No.  711). — This  class  of  installation  is  illustrated  in 
Figs.  20-23,  Plate  7.  It  comprised  pump-feed  and  (1)  a  pump 
exhaust-heater,  (2)  two  main  exhaust-heaters,  and  (3)  a  large  heater 
in  the  smoke-box,  all  arranged  in  series.  The  smoke-box  heater  is 
shown  in  longitudinal  section  in  Figs.  20  and  23.     The  [-shaped 
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ring- tube  plates  were  1  foot  11  inches  apart.  It  contained  671  tubes, 
the  majority  being  J  inch  in  internal  diameter.  The  boiler-tube  area 
was  again  enclosed  as  described  on  page  390,  and  the  blast,  arranged 
in  the  outer  space  thus  formed,  drew  the  gases  of  combustion 
forward  and  then  back  through  the  heater  tubes.  Fig.  23,  Plate  7, 
shows  a  form  of  spark-arrester  and  ash-hopper  which  gave  the  best 
results.  This  heater  provided  about  248  square  feet  of  heating 
surface,  and  the  exhaust-heaters  altogether  about  147  square  feet. 
Feed  temperatures  (exceeded  with  later  patterns)  of  270°  F.  were 
obtained,  with  temperatures  of  even  360°  F.  for  short  spells  after 
stops.     This  design  was  cumbersome  and  was  not  adhered  to. 

Ti/jje  B.  Installation  giving  Moderate- Degree  Feed-lieating  and 
moderate  Superli eating,  or  High-Degree  Feed-heating  only,  (Engine 
No.  706.)— The  installation,  shown  in  Figs.  24  to  27  (page  393) 
and  Figs.  28-30  (pages  394-5)  and  Figs.  31  and  32,  Plate  8,  is 
simple  and  cheap  to  install.  It  includes  a  pump  on  the  driver's 
side,  a  small  pump  exhaust-heater  and  two  main  exhaust-heaters, 
and  a  smoke-box  heater  in  the  form  of  a  single  drum  in  the  upper 
part  of  the  smoke-box.  With  simple  alterations,  the  latter  can  be 
adapted  either  for  feed-water  heating  or  for  superheating.  On  the 
Egyptian  State  Railways  it  proved,  on  the  whole,  most  advantageous 
when  used  as  a  superheater.  Heaters  fitted  to  the  706  class  of 
engine  contain  943  tubes  of  ^  inch  bore,  and  have  322  square  feet 
of  heating  surface.  Inside,  baffles  are  provided  butting  alternately 
against  the  opposite  tube-plates.  These,  and  the  restricted  volume, 
ensure  rapid  circulation. 

The  concentration  of  tlie  heating  surface  in  such  a  drum 
overcomes  many  of  the  objections  usually  raised  against  smoke-box 
heaters,  and  also  enables  efiective  provision  to  be  made  for  tlui 
enclosed  blast.  The  blast-pipe  top  is  enclosed  in  a  liood  or  uptake 
which,  depending  from  the  chimney,  envelops  completely  the  back 
tube-plate  of  the  heater.  A  sliort  petticoat  pipe  inside  the  hood 
distributes  tlie  efi'ect  of  the  l)last  evenly  over  the  tubes,  and  also 
makes  it  possible  to  use  a  ]}last-pipe  which  docs  not  protrude  far 
into  the  uptake.     The  uptake  itself  and  all  the  heater  tubes  thus 
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Figs.  28  and  2^.— Exhaust  Feed-Heating  and  Waste-Gas  S2iperheati7ig  System, 

Type  B  (Appendix  I). 
(For  General  Arrangement  sec  Figs.  24-27,  page  393.) 
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Fig.  30. — Exhaust  Fccd-Heating  and  Wasfc-Gas  Superheating  System, 

Type  B  (Appendix  I). 

(For  General  Arrangement  see  Figs.  24-27,  page  393.) 
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become  self-clearing.  At  the  back  of  the  uptake  is  fitted  a  flue- 
door  to  facilitate  lighting  up.  The  blower  and  ejector  discharge 
are  arranged  within  the  uptake. 

The  spark-arrester  forms  a  special  feature  of  this  installation. 
Effective  spark-arresting  is   essential  in  countries  such  as  Egypt, 
where  conditions  are  often   extremely  favourable  to  fire,  and  the 
climate  favours  the  transport  of  goods  in  open  wagons,  unprotected. 
The  standard  locomotives,  Fig.  33,  Plate  8,  on  the  Egyptian  State 
Railways  are  all  fitted  with  spark-arresters  and  with  large  smoke- 
boxes,  which  are  found  to  be  a  necessary  accompaniment  of   an 
efficient  arrester,  for  which  ample  area  is  necessary,  in  order  to 
prevent  the  netting  becoming  blind  during  working,  and  impeding 
the  draught.  With  large  smoke-boxes  ample  area  may  be  had  and  all 
risk  of  the  engine  failing  to  steam  removed.     In  some  of  the  heater 
engines  of  the  Egyptian  State  Railways  the  netting  extends  across 
the  upper  part  of  the  smoke-box,  just  below  the  heater,  the  screen 
being  completed  by  netting  attached  vertically  to  the  door.    A  more 
convenient  form  is  shown  in  Figs.  24  to  32.     This  arrester  is  like 
a  sieve  with  both  sides  and  end  of  wire  mesh,  fixed  wholly  to  the 
door,  Fig.  30  (page  395),  with  which  it  opens,  leaving   the  interior 
clear.     The  netting  is  shaped  to  fit  round  the  heater,  the  tube-plate 
of  which  remains  uncovered.     The  heater  itself  assists  in  quenching 
such  live  sparks  as  may  get  through  the  netting.     Their  passage 
through  the  small  tubes,  and  the  intimate  contact  into  which  they 
are  brought   with    the    exhaust,    in    the    small    blast- chamber,    is 
very  effective  in   rendering  the   sparks  innocuous,  and  there  is  a 
marked  absence  of  glowing  cinders  ejected  from  the  chimney. 

Waste-gas  heaters,  such  as  those  in  Figs.  24  to  30  (pages  393-5), 
give  superheat  of  85°-90^  F.  on  180  lb.  per  square  inch  boiler- 
pressure,  but  heaters  have  been  used  giving  rather  more  than  this 
(90 '-]  00'^),  taken  at  the  root  of  the  steam-pipe  near  the  steam-chest. 
Used  in  this  way,  this  heater  has  been  employed  in  combination 
with  ^feed-water  exhaust-steam  heaters  giving  temperatures  of 
about  21 0'^  F.  Wli(!ri  used  for  feed-heating,  in  conjunction  with 
the  exhaust-steam  heaters,  feed  temperatures  above  280"  F.  are 
obtained. 
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Ti/pe  C.  Installation  for  Higli-Degrce  Superheating  and  High- 
Degree  Feed-water  Heating.  (Engine  No.  712.) — In  this  case 
an  engine  was  first  converted  into  a  smoke-tiibe  superheater 
engine,  to  the  recommendations  of  the  Schmidt  Superheating  Co., 
of  Wilhehnshohe,  and  with  parts  furnished  by  Messrs.  Henschel 
and  Sohn,  of  Cassel,  the  original  builders  of  this  class  of  engines. 
In  compliance  with  Messrs.  Schmidt's  advice  the  engine  was  rebuilt 
with  piston-valves,  in  place  of  the  Egyptian  State  Railways 
standard  slide-valve  cylinders.  The  superheater  installation  gave 
temperatures  rather  below  usual  European  practice.  At  180  lb. 
pressure  the  superheat  varied  between  200°  and  230*^  F.  according 
to  load.  The  engine  so  fitted,  and  having  the  advantage  of  piston- 
valves,  proved  to  be  more  economical  on  coal  than  ordinary  sister 
engines  by  about  29  •  8  per  cent. 

The  further  addition  of  the  feed-heating  system  was  carried  out 
as  in  Figs.  34  to  36  (pages  398-9)  and  Figs.  37  and  38,  Plate  8.  The 
pump  was  on  the  driver's  side  with  its  exhaust-heater  below  it.  Two 
main  cylinder  exhaust-heaters,  7  feet  long  and  7  inches  in  diameter, 
were  placed  alongside  the  smoke-box.  They  each  contain  82  tubes, 
and  provide  together  150  square  feet  of  heating  surface.  In  the 
smoke-box,  two  horizontal  drum-heaters  were  placed  with  their  axis 
across  the  smoke-box.  Each  contained  465  tubes,  and  together  they 
provided  heating  surface  of  339  square  feet.  They  were  connected 
by  the  cross  limb  of  a  large  inverted  Tee-shaped  uptake  continuous 
with  the  chimney.  The  general  arrangement  of  blast-pipe,  petticoat, 
side  doors,  spark-arresters,  side-hoppers,  etc.,  are  clearly  shown  in 
Figs.  34  to  38.  At  the  elbow  of  the  blast-pipe,  branch  connections 
led  exhaust  steam  off  to  the  main  exhaust-heaters.  On  the 
unbolting  of  two  pipe  connections  to  each  heater,  the  latter  could 
be  withdrawn  through  the  side  doors.  The  sieve-shaped  netting 
spark-arresters  were  fixed  to  the  side  doors.  The  side  ash-hoppers 
were  fitted  with  doors  and  sloping  floors.  The  water-heaters  were 
all  connected  in  series.  A  flue  door  was  provided  in  the  uptake. 
The  resultant  efiect  of  this  installation  is  rather  complex.  Feed 
temperatures  of  over  290°  F.  were  obtained  but  not  with  the 
original  degree  of  superheat,  for  reasons  already  explained. 
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Figs.  34  and  35. — Iligli-Degrce  Feed-water  Heating  and  High- Degree 

Superheating  System,  Type  C  (Appendix  I). 

(Photographs,  Figs.  37  and  38,  Plate  8.) 
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Fig.  B6.—nigh-Dcgree  Feed-wafer  Heating  and  High.Degree 

S2iperheating  System,  Type  C  (Appendix  I). 

(Photographs,  Figs.  37  and  38,  Plate  8.) 
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Tiiije  D.  Insiallation  for  Higli-Degree  Supcrlieating  and  Hlgh- 
Deyree  Feed-water  Heating.  (Engine  No.  712). — Fig.  39  shows  a 
later  device  fitted  to  Engine  712,  in  order  to  remove  as  much 
apparatus  as  possible  from  the  smoke-box.  The  smoke-box  heater 
is  carried  by  a  door-plate,  and  the  blast-chamber  and  chimney 
are  removed  to  the  forward  end  of  thei  heater.     The  flow  of  the 


Fig.  39. — Type  D  Installation. 


^ 


gases  is  direct,  and  less  resistance  is  offered  to  their  passage,  tubes 
of  J-incli  bore  having  been  used  in  this  case.  The  draught  is 
ligliter  than  in  the  other  designs.  On  opening  the  smoke-box  door, 
tlie  heater  and  chimney  swing  clear.  No  trouble  has  been  mot  with 
in  making  the  necessary  joints,  etc.,  for  this  arrangement,  wliicli 
tlioreforo  appears  to  liave  advantages  ovov  tlie  installation  type  C, 
al)0V(^  (hiscribod. 
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APPENDIX   II. 

In  this  Appendix  information  and  deductions  based  on  data 
are  given,  which  need  to  be  considered  in  connection  with  the 
fact  that  they  relate  particularly  to  conditions  in  Egypt. 

Costs. — The  Type  B  installation  has  been  applied  on  a 
sufficiently  large  scale  for  reliable  costs  to  be  available.  The 
new  parts  required  by  this  system  are  shown  in  Figs.  24  to  27 
(page  393).  Figures  relating  to  the  yearly  savings  shown  by 
the  use  of  heater  engines  in  Egypt  would  be  of  small  interest, 
since  that  country  is  unique  in  many  ways,  and  costs  and  savings 
are  not  on  the  European  basis.  However,  from  figures  based  on 
Egyptian  State  Railways  records,  the  relative  annual  expenses 
shown  in  Table  11  (page  402)  which  would  fall  on  ordinary  engines, 
engines  with  the  Type  B  installation,  and  on  De  Glehn  compounds, 
are  given,  taking  50,000  as  the  yearly  mileage  and  15s.  per  ton 
as  the  price  of  coal.  The  standard  4-4-0  type  engines  cost 
£2,568  and  run  to  1  •  6d.  per  mile  for  repairs.  New  heater  engines 
of  the  same  class  would,  according  to  figures  based  on  Tenders, 
cost  .£2,718,  and  their  repairs  (allowing  for  no  reduction  of  boiler 
repairs)  would  then  be  slightly  under  1  •  7d.  per  mile.  The  De  Glehn 
engines,  which  are  typically  French,  cost  £4,800  each,  built  by  and 
to  the  designs  of  a  continental  firm,  and  their  repairs  amount  to 
2  •  7d.  per  mile.  Allowing  5  per  cent,  for  interest,  depreciation  for  a 
20-year  life,  and  deductions  for  the  two  latter  types  for  coal  saving, 
the  approximations  shown  in  Table  11  (page  402)  are  arrived  at. 

The  reduced  coal  bills  for  the  heater  and  De  Glehn  engines  are 
based  on  the  figures  of  Table  5  (page  372),  which  covered  lighting  up 
coal,  etc.,  and  approximated  to  service  working.  In  estimating  for 
long  periods  some  discount  might  be  allowed  on  those  figures,  but, 
according  to  them,  the  inclusive  cost  of  the  heaters,  whether  fitted 
to  existing  or  to  new  engines,  is  small  enough  to  be  covered  by  the 
first  year's  savings.  On  existing  engines,  it  may  be  pointed  out, 
the  actual  installing  involves  no  expensive  work,  the  worst  matter 
to  be  taken  in  hand  being  the  possible  lengthening  or  the  smoke-box. 
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The  systems  C  and  D,  used  on  Engine  No.  712,  have  not  been 
applied  on  a  scale  large  enough  to  warrant  figures  of  cost  of 
installation  being  given,  though  from  the  experience  obtained  their 
practical  success  would  seem  to  be  assured. 

The  question  of  additional  power  has  often  an  important 
bearing  upon  the  value  of  expenditure  entailed  in  conversion,  and 
this  alone  will  frequently  warrant  the  additional  cost. 


TABLE  11. 

Relative  Annual  Charges  against  Ordinary,  Heater,  and  De  Glelin 

Compound  Engines. 


Interest 

Depreciation 

Repairs 

Coal    .... 
Total 

Ordinary  Engine. 

Heater 
Engine. 

De  Glehn 
Compound. 

£ 

128-4 

128-4 
325 

£ 
135-9 

135-9 

354-1 

£ 
240 

240 

562-5 

681-8 
754 

625-9 
528 
1153-9 

1042-5 
654 

1335-8 

1696-5 

Effect  of  Usage. — The  eflficiency  of  the  heaters  is  well  maintained 
in  service.  In  high-degree  feed-water  heating,  the  deposit  found  in 
the  smoke-box  heater  has  not  been  great.  From  the  temperatures 
and  pressures  reached,  it  appears  that  the  cjirbonates  or  soft  deposit- 
forming  salts  are  thrown  down  in  the  exhaust-heaters.  Most  of  the 
more  slowly  depositing  sulphates  are  probably  precipitated  before 
the  boiler  is  readied,  but  if,  as  is  commonly  held  to  be  the  case, 
these  deposit  chiefly  where  conditions  are  favourable  to  a  gradual 
concentration  of  the  liquid,  they  are  most  likely  carried  through 
to  the  boiler,  much  as  visual.  Good  circulation  is  encouraged  in 
the  smoko-box  heater.  That  the  boiler  is  relieved  of  a  large 
amount  of  scale-forming  matter,  is  clear  from  the  turbid  condition 
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of  the  water  coining  from,  the  exhaust-heaters  when  blowing 
through.  There  is  no  incrustation  in  the  pump  exhaust-heater. 
The  artificial  softening  of  water,  now  frequently  adopted,  would 
naturally  be  beneficial  to  feed-water  heaters.  When  the  smoke- 
box  heater  is  used  as  a  superheater  there  is  no  incrustation. 
Records  taken  on  the  Egyptian  State  Railways,  for  the  Type  B 
system,  before  and  after  running  over  45,000  miles,  showed  an 
apparent  drop  of  4°  F.  in  the  superheat,  and  2°  F.  in  the  feed 
temperature.  In  the  first  case,  however,  the  train-load  was  16  tons 
heavier  than  in  the  second,  and  it  is  therefore  probable  that  no  real 
drop  occurred. 

Life,  Deterioration,  etc. — The  pump  deals  only  with  water  of 
about  90°-95°  F.  and  may  easily  be  kept  in  good  order.  The  life  of 
the  heaters  is  partly  dependent  on  the  water  and  the  irregularities 
of  pitting.  The  heater  shells  stand  well,  and  steel  tubes  only 
y^^-inch  thick  are  found  to  last  in  most  cases  for  about  63,000 
miles,  a  mileage  frequently  largely  exceeded.  The  life  may  be 
increased  by  using  specially  treated  tubes,  or,  by  increasing  their 
thickness.  The  smoke-box  heaters  keep  clean  inside,  and  remarkably 
free  from  wastage  outside,  if  raised  and  kept  in  the  warm  dry  gases. 
The  tubes  of  these  heaters,  when  used  as  superheaters,  last  for  as 
much  as  72,000  miles.  In  a  recent  case,  after  82,000  miles,  only  a 
few  bad  places  were  found  in  the  whole  set  of  tubes,  and  no  actual 
failures.  The  practice  has  been  adopted,  however,  of  renewing  all 
heater  tubes  when  shopping  engines  for  general  repairs.  This  is 
the  heaviest  repairs  expense,  but,  comparatively,  it  is  not  serious, 
and  might  even  be  reduced  by  the  use  of  brass  or  copper  tubes. 

No  conclusive  information  is  available,  unfortunately,  on  the 
efiect  of  the  heater  systems  on  boiler  repairs.  From  the  improved 
condition  under  which  the  boiler  works,  it  would  be  expected  that 
heater-engines  would  show  up  better  than  others  in  this  respect. 
All  that  can  be  stated  is  that,  on  the  Egyptian  State  Railways,  the 
boilers  of  such  engines  are  extremely  light  on  repairs. 
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Note  on  "Additional  Power." 

During  the  reading  of   an  abstract   of    the  Paper  Mr.  Cowan 
added   a   few   remarks   on    the    subject   of    "  Additional    Power," 
discussed  on  page  382.      He  stated  that  that  question  had  been 
under  investigation  at  Purdue  University,  but  that,  according  to 
the  reports  so  far  published,  the  additional  power  realized  did  not 
come  up  to  expectations  based  on  the  commonly  accepted  argument. 
It  seemed  to  have   been   expected   in   connection  with  that  work 
that  an  engine  showing  25  per  cent,  economy  at  equal  load,  would 
show    33^   per   cent,    increase    of   power    at    equal    consumption. 
Instead,   an   increase   of   power   of   only    16    per   cent,  had   been 
attained.      The   only   explanation    as    yet    offered    was   that   the 
cylinder  efficiency  had   been    found   to   be  15  per  cent,  less  with 
the  longer   cut-ofF  corresponding   to   the   higher   output,  that   is, 
15  per  cent,  more  steam  was  taken  per  h.p.  with  the  longer  cut-off. 
The    discrepancy    could    not    be    accounted    for    by   that    alone. 
Calculated  on  the   method  advanced    in   their  Paper,  the  authors 
estimated  that  the   maximum   increase  of   power   to   be  expected 
would  be  20*4  per  cent,  and  not  33 J  per  cent.,  as  anticipated  in 
the  Purdue  tests,  while,  if   allowance  were   made  for  the  15  per 
cent,   loss   of    cylinder   efficiency   reported,    this   figure    would   be 
reduced   to    17*7    per   cent,    which  was   clearly  much   nearer   the 
actual  amount  found,  of  about  16  per  cent,  than  was  the  33 3  per 
cent,  which  had  been  anticipated.     The  authors'  method  of  treating 
that  point  had    been    embodied   in  the  Paper  about  nine  months 
before  the  report  on  this  subject  had  been  made  to  the  American 
Railway  Master  Mechanics'  Association  in  1912. 
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Discussion  on  Friday,  I4:th  March  1913. 

The  President  said  he  was  quite  sure  that,  before  any  discussion 
took  place,  it  would  be  the  members'  desire  to  accord  a  very  hearty 
vote  of  thanks  to  the  authors  for  their  excellent  Paper.  He 
thought  it  would  be  agreed  that  the  authors  had  arranged  the  data 
in  a  most  useful  and  convenient  way,  starting  with  the  aspects  of 
theoretic  principles,  collating  the  experience  of  others,  and  then 
passing  on  to  certain  experiments ;  for,  after  all,  though  the 
experiments  were  on  a  practical  scale  they  had  been,  so  far  as  he 
understood,  applied  to  existing  engines,  and  did  not  form  part  of 
an  engine  ad  hoc ;  that  was  to  say,  not  of  an  engine  specially 
designed  for  the  purpose  of  carrying  feed-heater  apparatus. 
Useful  as  the  Paper  was,  the  discussion  would,  he  felt  sure, 
enhance  its  value. 

The  vote  of  thanks  was  carried  by  acclamation. 

Mr.  G.  J.  Churchward  (Member  of  Council)  cordially  endorsed 
what  the  President  had  said  as  to  the  debt  the  members  owed  to 
the  authors  of  the  Paper,  for  setting  out  in  so  clear  a  form  the 
results  of  what  had  evidently  been  a  long  series  of  very  carefully 
conducted  experiments.  He  noticed  that  the  President  had 
touched  the  root  of  the  whole  matter — from  his  (Mr.  Church  ward's) 
point  of  view  at  least — when  he  said  that  the  experiments  had 
been  applied  to  existing  engines,  and  not  to  an  engine  specially 
designed  ad  hoc.  That  affected  not  only  himself,  but  nearly  all 
his  colleagues  in  this  country,  from  the  fact  that  they  had  already 
designed  engines  up  to  the  absolute  maximum  limit  of  the  weight 
which  they  were  allowed  to  carry  on  their  roads,  not  only  total 
weight,  but  weight  per  axle.  Therefore,  when  one  had  his  cupidity 
excited,  so  to  speak,  by  the  splendid  figures  which  the  authors 
had  brought  forward,  he  at  once  met  a  stumbling-block  in 
the  fact  that  he  had  to  find  room  for  another  three  to  four 
tons  on  a  locomotive  which  was  already  right  up  to  the  very  last 
pound  of  the  weight  which  was  allowed  to  be  carried.      But  he 
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thought  people  would  not  be  deterred  from  emulating  the  authors, 
in  seeing  w^iat  they  could  obtain  out  of  the  smoke-box  gases,  by- 
reason  of  the  difficulty  he  mentioned.  In  this  country,  and  in  all 
other  countries  for  that  matter,  new  locomotives  were  always 
having  to  be  built,  and  he  hoped  from  the  attractive  figures  which 
had  been  put  before  the  Meeting  that  some  one  would  now  have  the 
courage  to  embody  the  authors'  arrangements  in  an  entirely  new 
design  of  locomotive.  As  a  matter  of  fact,  it  was  absolutely 
necessary  that  a  new  locomotive  should  be  designed,  to  enable  full 
advtintage  to  be  taken  of  all  the  improvements  and  arrangements 
which  had  been  set  forth  in  the  Paper. 

The  authors  could  not,  so  far  as  this  country  was  concerned, 
have  chosen  a  more  favourable  season  for  addressing  the  Institution 
on  the  matter.  The  railways  in  this  country  at  the  present  time 
were,  if  he  might  be  allowed  to  use  a  strong  expression,  being 
"  robbed  "  in  the  matter  of  coal  to  such  an  extent,  that  anything 
which  would  go  to  save  a  pound  a  mile  was  very  attractive. 
Moreover,  the  railways  were  now,  if  no  early  reduction  in  the  price 
of  coal  could  be  foreseen,  able  to  justify  an  expenditure  to  save 
coal,  which  a  few  years  ago  they  would  not  have  felt  able  to  do. 
Coal  was  only  one  expense  in  the  conduct  of  traffic — a  remark 
which  had  often  been  heard  in  that  room  before,  and  it  was  not  of 
the  least  use  to  spend  a  sovereign  to  save  ten  shillings'  worth  of 
coal.  But  at  present  prices,  such  savings  as  had  been  put  before 
the  IVIeeting  would  make  it  worth  the  Companies'  while  to  spend  a 
good  deal  of  money. 

He  had  been  unable  to  understand  the  immense  loss  which  was 
shown  in  the  unburnt  fuel.  He  noticed  on  Fig.  6  (page  350)  an 
enormous  loss  in  that  direction,  but  he  was  not  able  to  say  that  his 
Company  was  not  losing  as  much  as  that ;  he  would  be  very  much 
surprised  to  find  they  were,  and  he  would  take  very  early  steps  to 
find  out  wlietlior  anything  like  that  amount  was  being  lost.  If 
there  were  such  a  loss  as  that,  a  much  greater  display  of  fireworks 
would  be  seen  in  night  travelling.  The  Great  Western  Railway 
ran  from  London  to  Plymouth  without  a  stop,  taking  four  hours 
and    seven    minutes   to    do    the    journey.      It  was    not  altogether 
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playtime  for  the  fireman  during  that  period.  There  was  no  method 
of  emptying  the  smoke-boxes  except  by  the  chimney  or  with  a 
shovel  when  the  train  arrived  at  Plymouth,  and  if  the  loss  could 
not  be  seen  going  up  the  chimney  in  the  dark,  and  it  was  not 
shovelled  out  when  the  train  arrived  at  Plymouth,  he  could  hardly 
understand  such  a  loss  as  about  5  cwt.  of  unburnt  sparks  on  the 
journey.  Of  course,  to  some  extent  the  modification  of  the  draught 
arrangements  might  have  more  to  do  with  some  of  the  economy 
than  would  at  first  appear  from  the  figures.  So  long  as  the  work 
could  be  performed,  the  draught  could  not  be  reduced  without  an 
economy  in  consumption  resulting.  In  using  the  exhaust  injector, 
the  experience  of  his  Company  had  been  that  the  amount  of  steam 
which  was  taken  away  from  the  blast,  for  the  purpose  of  heating 
the  feed  through  the  exhaust  injector,  had  obliged  them  to  keep 
rather  a  small  exhaust  tip  for  the  light  running,  when  the  engine 
was  running  at  short  cut-offs ;  and  that  again  necessitated 
arrangements  being  made  for  relieving  the  pressure  of  the  blast 
when  doing  very  hard  work  up  a  steep  incline.  That  was  done  by 
means  of  an  automatic  valve  in  the  head  of  the  blast-pipe,  which, 
when  the  pressure  got  above  a  certain  amount,  lifted,  and 
automatically  enlarged  the  opening  from  a  5J-inch  pipe  up  to 
about  6  inches.  That  had  to  be  done  in  order  to  get  good  steaming 
under  all  conditions,  when  so  much  steam  was  taken  from  the 
exhaust  for  heating. 

He  had  no  figures  as  to  what  amount  of  exhaust  steam  was 
taken  to  heat  the  feed.  As  was  well  known,  his  Company  did  not 
use  a  pump  but  an  exhaust-steam  injector — which  was  in  efiect  a 
heater.  When  using  exhaust  steam  only,  the  feed  was  heated  to 
about  180°  F. ;  when  assisted  sometimes  by  some  live  steam,  it 
rose  to  about  210°  F. ;  and  if  the  supplementary  injector,  w^iich 
was  alluded  to  by  the  authors,  was  used,  that  put  it  up  to  the 
figure  given  in  the  Paper  of  something  like  280°  F.  His  Company 
had  gone  further  than  that,  but  not  in  a  direction  which  would 
effect  much  coal  economy.  After  the  feed-water  had  been  passed 
through  the  exhaust  injector,  it  was  put  in  at  the  highest  point  of 
the  boiler  in  which  it  could  be   got,  and  then  it  was  sprayed  into 
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the  steam  ;  the  result  being  that  the  final  temperature  of  the  water 
before  falling  on  the  boiler  water  was  just  about  40^  F.,  as  near  as 
could  be  ascertained,  below  the  temperature  of  the  steam  at  the 
pressure.  He  w^as  referring  to  high-pressure  boilers,  and  the 
figures  he  was  giving  were,  as  a  matter  of  fact,  the  figures  which 
were  obtained  from  boilers  carrying  225  lb.  per  square  inch. 

He  was  surprised  to  find  the  authors  had  not  made  a  claim  in 
their  Paper  for  a  further  heavy  reduction  in  the  wear  and  tear  of 
boilers.  According  to  the  experience  of  his  Company,  the  heating 
of  feed-water  efi'ected  a  very  considerable  reduction  in  the  wear 
and  tear  to  which  the  boiler  was  subjected,  and  if  no  coal  economy 
was  obtained  at  all  it  was  well  worth,  in  his  view,  heating  the  feed 
in  order  to  obtain  that  economy  in  the  boiler  repairs. 

The  authors  had  touched  upon  a  point  which  was  one  of  much 
discussion  at  the  present  moment,  namely,  as  to  the  question 
between  what  was  called  moderate  superheating  and  high 
superheating.  It  was  hardly  necessary  for  him  to  acknowledge  to 
a  meeting  such  as  the  present  one,  that  more  economy  of  coal  was 
obtained  from  high  superheating  than  from  low  or  moderate 
superheating.  That  w^ent  without  saying,  but  it  also  went  without 
saying,  up  to  the  present  time  at  any  rate,  that  the  higher  the 
superheating  the  more  trouble  occurred,  especially  with  the 
lubrication.  The  question  of  the  amount  of  superheat  to  use 
under  ordinary  conditions  was  one,  he  thought,  with  which  all  the 
members  ought  to  associate  themselves  in  the  way  of  some 
experiments  of  the  kind  which  had  been  undertaken  by  the  authors, 
in  order  to  show  really  what  amount  of  superheating  it  was  worth 
getting  before  too  much  trouble  arose  with  the  cylinders,  valves, 
luljrication  and  so  forth.  The  renewal  of  piston  and  valve-rings, 
according  to  his  Company's  experience — which  had  tried  high 
superheating — was  so  frecjuently  necessary,  that  it  was  a  rather 
heavy  deduction  from  the  saving  which  was  obtained.  Tlic  holding 
up  of  a  locomotive  for  the  renewal  of  valve  and  piston-rings  was 
quite  a  serious  matter,  especially  in  a  busy  season. 

In  reading  the  Paper,  one  point  had  struck  him — as  it  had 
with  regard  to  many  otlier  similar   ]\ipers — namely,  the  extreme 
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difficulty  of  making  comparisons  ;  in  other  words,  of  estimating  the 

vahie  of  some  successful  experiment  which  had  been  made  on  some 

other  railway.     There  was  no  standard  of  value  by  which  a  saving 

made  on  the  Lancashire  and  Yorkshire  Railway  could  be  compared 

with  the  saving  which  was  made  on  the  Great  Western  Railway. 

For  his  own  part,  he  thought  engineers  would  never  get  to  the 

highest  development  of  the  locomotive — or  anything  else  for  that 

matter — unless    they    were   associated    together   in   making   some 

common  experiment   on  a  machine  or  an  engine  as  the  case  might 

be.     It  w^ould  be  an  engine  in  the  present  case  which  might  be 

employed  on  trial  for  a  certain  period  on  each  of  the  railways.     If 

the  authors  had  kindly  brought  over  one  of  the  locomotives,  and  he 

could  have  borrowed  it  for  a  few  weeks,  he  would  have  been  very 

much  more  confident  as  to  the  results   to  be  obtained  from  the 

experiment  at  the  end  of  that  period.     It  was  the  same  in  this 

country.     It  had  been  suggested  by  a  very  eminent  general  manager 

in  England   that   there  should  be   an  arrangement   amongst   the 

railways  in  regard  to  experiments,  but  he  did  not  know   if  that 

gentleman  went  so  far  as  to  suggest  a  common  fund,  but  he  (Mr. 

Churchward)  suggested  that  if  any  such  arrangement  w^ere  come 

to,  there   should  be   a   common  fund — by  which  locomotive  after 

locomotive  could  be  built  and  each  railway  have  it  for  a  certain 

period.     Then  he  thought  some  comparative  figures  could  be  arrived 

at,  which  would  enable  the  railways — probably  after  his  time — to 

design  a  perfect  locomotive. 

As  he  had  already  mentioned,  his  Company  applied  not  high- 
degree  superheating  but  a  little  more  than  moderate  superheating — 
a  superheating  of  about  120°  to  130°,  combined  with  very  high 
feed-heating,  but  they  had  not  done  what  the  authors  had  done, 
and  which  he  thought  they  should  do  if  it  were  found  practicable 
within  the  limits  of  their  weight,  and  that  was  that  his  Company 
had  not  taken  out  any  of  the  rather  large  amount  of  waste  heat 
which  was  being  put  up  the  chimney  through  the  smoke-box  gases. 
The  extra  advantage  which  the  authors  had,  must  undoubtedly 
have  been  obtained  from  reducing  the  temperature  of  their  smoke- 
box  gases  from  (according  to  their  own  estimate)  712°  or  800°  to 
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400*^  F.  There  was  an  evident  saving  which  could  not  be 
overlooked,  and  in  that  respect  he  thought  locomotive  engineers  in 
this  country  had  not  gone  sufficiently  far.  If  he  had  a  smoke-box 
large  enough,  he  would  begin  to-morrow  and  see  whether  he  could 
get  some  of  it  out,  but  ho  would  first  have  to  design  a  more  elaborate 
smoke-box.  He  was  sure  the  members  would  join  with  him  in 
thanking  the  authors  for  their  most  valuable  figures  which  they  had 
■put  before  the  Meeting. 

Mr.  George  Hughes  (Member  of  Council)  thought  most  of  the 
members  w^ere  fairly  well  acquainted  with  the  type  of  smoke-box 
adopted  by  the  Lancashire  and  Yorkshire  Railway,  and  they  would 
probably  remember  that  in  one  design  at  any  rate  it  was  about 
5  feet  7  inches  in  diameter  and  nearly  that  in  length,  and  that 
there  were  only  tw^o  pipes  inside  of  it.  Consequently,  when  he 
looked  at  the  design  on  pages  398  and  399  of  the  Paper,  and 
remembered  what  was  taking  place  in  the  cylinders,  the 
complications  of  the  Egyptian  engines  were  most  bewildering. 
But  he  must  admit  that  the  results  obtained  also  made  him  very 
envious.  It  was  a  curious  thing  that  when  the  members  assembled 
to  talk  over  locomotive  problems,  the  discussion  always  turned  on 
the  boiler,  the  fire-box,  or  the  blast-pipe ;  and  it  was  quite  evident 
from  the  first  paragraph  in  the  Paper  that  the  authors  had 
realized  that  fact.  It  would  be  at  once  admitted  that  the  engine 
itself  did  not  give  any  trouble,  but  the  boiler  was  a  continual 
worry. 

There  was  another  important  phrase  in  the  first  paragraph 
(page  345),  and  he  would  paraphrase  it  by  saying  that  it  was  a  well- 
ascertained  fact,  that  broadly  speaking,  for  all  practical  purposes, 
the  horse-power  developed  after  a  locomotive  and  a  train  had  just 
got  under  weigh  was  practically  constant,  or,  in  other  words,  that 
the  horse-power  depended  on  the  amount  of  steam  which  the  boiler 
could  produce,  or,  to  be  more  concise,  in  other  words  again,  on  how 
many  British  thermal  units  the  boiler  could  send  to  the  cylinders. 
That  was  really  the  characteristic  on  which  the  question  of  super- 
heating turned,  or,  putting  it  in  another  way,  which  steam  would 
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do  the  most  work — a  large  weight  of  saturated  steam,  or  a  smaller 
weight  of  superheated  steam. 

With  regard  to  the  provision  of  equal  loads,  that  is  to  say, 
loading  up  a  heavy  engine  with  only  a  smaller  engine's  load,  he 
was  sure  Mr.  Churchward  had  been  in  the  same  difficulty  in  which 
he  himself  had  been,  namely,  of  being  very  much  concerned  at 
times  on  seeing  big  engines  going  about  the  country  with  only  a 
light  load  behind ;  and  the  speaker  had  not  been  satisfied  with  the 
explanation  that  it  was  a  balance  trip  or  that  it  would  be  loaded 
up  later  on  in  the  journey.  The  Lancashire  and  Yorkshire 
Railway  had  consequently  put  a  dynamometer- car  behind  certain 
goods  trains,  in  which  the  heavy  engine  was  loaded  up  with  an 
equal  load  to  a  lighter  engine,  and  the  experiment  was  carried  out 
as  far  as  was  practicable  on  precisely  the  same  conditions,  using 
the  same  driver  and  fireman ;  and  it  was  found  that  the  heavy 
engine  hauled  the  light  engine  load  with  an  economy  of  1  cwt.  of 
coal  per  100  tons  haul.     The  lighter  engine  was  not  overloaded. 

It  was  quite  possible  to  go  through  the  Paper  paragraph  by 
paragraph  and  discuss  them  all.  It  was  full  of  conundrums  and  full 
of  points  for  debate,  but  he  was  only  going  to  deal  very  briefly  with 
the  first  nine  pages,  which  gave  a  splendid  foundation  and  established 
a  drawing- office  ready  reckoner  for  the  future,  when  locomotive 
superintendents  had  to  deal  with  the  question  of  superheating  or 
compounding  or  feed-heating,  or  any  other  device  for  obtaining 
fuel  economy.  In  his  company's  drawing-office  they  used  the  facts 
that  of  the  available  heat  in  the  fire-box,  they  only  obtained  65  to 
70  per  cent,  as  saturated  steam  at  the  regulator,  and  that  in  the 
transference  of  heat  into  work  only  8  per  cent,  was  obtained  on 
the  piston-rod,  and  then  by  internal  friction  only  5  *  6  per  cent,  was 
obtained  at  the  draw-bar,  and  as  far  as  their  experience  went 
superheating  improved  this  5  *  6  per  cent,  to  6  •  5  per  cent.  When 
the  St.  Louis  experiments  were  remembered — and  they  had  been 
quoted  very  extensively  in  the  Paper — it  would  be  found  they 
really  proved  that  the  locomotive  possessed  a  high  standard  as  a 
steam-power  factor.  The  authors  also  showed  in  the  first  nine 
pages  that  the  efficiency  of  the  locomotive  boiler  degenerated  as  it 
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was  forced.  He  rather  emphasized  that  point,  because  throughout 
the  Paper  he  had  gained  a  suspicion — rightly  or  wrongly  he  did  not 
know — that  the  authors'  non-heater  engines  had  been  overloaded, 
and  that  being  the  case  the  heater  engines  obtained  undue 
advantage.  It  appeared  to  him  also  that  the  authors  had  very 
carefully  tried  one  thing  at  once  and  then  a  combination,  and  then 
had  very  lucidly  worked  out  in  British  thermal  units  and  allocated 
to  each  separate  detail  its  respective  credit.  The  Paper  was  not 
easy  to  grasp  at  one  reading ;  when  one  went  through  it  a 
second  time,  one  began  to  realize  that  there  was  a  remarkable  set  of 
six  conditions  to  deal  with.  First,  there  was  the  simple  feed-heat 
from  the  pump-exhaust  which  gave  25°  to  30°,  or  which  brought 
the  feed  up  to  90°  F.  Second,  there  was  No.  1  plus  something 
from  the  cylinders,  which  brought  the  feed  up  to  210°  F.  Third, 
there  were  the  first  two  plus  the  heater  in  series  in  the  smoke-box, 
which  brought  the  feed  up  to  290°  F.  Fourth,  in  connection  with 
the  three  previous,  there  was  the  moderate  superheat  to  85°  to 
90°  F.  Fifth,  high  superheating ;  and  Sixth,  any  combination  of 
the  five.  So  that,  taking  the  items  step  by  step,  one  obtained  quite 
a  concise  summary  of  the  Paper. 

The  first  set  of  figures  relating  to  results  were  in  connection 
with  high  feed  at  270°  F.  He  would  not  deal  with  the  figures  on 
the  tests,  because  in  the  second  series  of  results  test  figures  were 
not  given,  but  service  figures ;  and  in  the  first  set  he  desired  to 
remark  that  the  authors  stated  that  the  coal  was  for  train  service 
only,  and  in  the  second  series  the  coal  was  for  the  full  service.  So 
that  strict  comparisons  were  not  obtained.  Moreover,  the  tests 
were  generally  speaking  on  one  engine  only,  and  it  was  well  known 
what  an  "  only  chihl "  was.  The  results  on  the  first  series  with 
270°  feed-heat  pump  gave  22,  27,  and  18  per  cent,  saving,  but  the 
authors  said  in  the  text  that  generally  it  was  18  to  20 J  per  cent. 
Kightly  or  wrongly,  he  was  going  to  fix  on  that  27  per  cent,  as  the 
weak  link  in  the  authors'  particular  chain,  because  when  the  next 
series  of  tests  came  to  be  dealt  with,  it  would  be  found  that  with 
the  feed  at  210°  F.  and  a  moderate  superheat  at  85°  to  90°,  a 
saving  was  obtain(3d  of  30*8  per  cent,  per  ton-mile,  and  20*25  per 
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cent,  over  the  De  Glehns.  Were  the  additional  complications  in 
the  smoke-box  really  worth  that  additional  3  *  8  per  cent,  economy, 
when  the  question  of  maintenance  and  so  on  was  taken  into 
consideration?  Moreover,  in  the  second  series  of  tests,  the 
authors  stated  that  the  De  Glehn  engines,  which  were  really 
20  tons  heavier  than  the  non-heaters,  were  now  doing  the  work — 
w^hich  rather  proved  to  him  that  the  non-heaters  hitherto  had  been 
overloaded.  In  the  third  series  of  tests,  where  there  were  high  feed 
and  high  superheat,  extraordinarily  high  figures  were  obtained,  and 
judging  from  the  phraseology  used  in  the  Paper  he  thought  the 
authors  were  not  exactly  satisfied  with  the  ground  for  the  figures 
obtained.  In  connection  with  the  first  set  of  results,  on  page  365 
a  diagram  was  shown,  upon  which  he  would  like  to  enlarge.  Fig.  40 
(page  414).  If  the  diagram  on  page  365  were  looked  at,  it  would  be 
found  that  the  heater  engine  711  was  right  down  at  the  bottom  of 
the  square.  The  authors  were  perfectly  justified  in  doing  what  they 
had  done,  but  it  appeared  to  him  to  be  a  little  "  window  dressing  " 
on  their  part. 

The  curves.  Fig.  40,  he  submitted  were  the  true  perspective  of  the 
diagram  on  page  365.  Now  the  comparison  he  wanted  to  make  was 
in  connection  with  Table  8,  on  page  428  of  the  Paper  he  had  read 
at  the  Institution  some  time  previously  on  "  Compounding  and 
Superheating,"  *  and  the  point  he  wished  to  bring  out  was  that 
the  speaker's  results  were,  broadly,  similar  to  the  authors'.  As  the 
loads  in  his  case  were  on  that  side  of  the  400  to  600  tons,  he 
naturally  got  higher  up  on  the  diagram. 

There  were  many  points  in  the  Paper  upon  which  he  could 
enlarge,  but  time  was  rapidly  passing,  and  consequently  he  would  at 
once  refer  to  his  own  direct  personal  experience  on  the  Lancashire 
and  Yorkshire  Railway,  and  briefly  say  that  they  had  tried  exhaust- 
injectors,  and  although  the  authors  said  that  they  obtained  9  per 
cent,  economy,  his  Company  only  obtained  4,  and  had  a  great 
deal  of  trouble  with  separating  out  the  oil.  His  Company  recently 
put  on  the  road  five  large  coal  engines  fitted  with  a  well-known 

*  Proceedings,  I.Mech.E.,  1910,  Part  2. 
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Fig.  40. — Coal  Consumption  per  ton-mile.    Simple  and  Compound  Engines. 
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feed-heater,  and  the  results  up  to  the  present  time — although  he 
had  not  been  able  to  investigate  them  from  the  ton-mile  point  of 
view — were  encouraging.  It  was  well  known  that  there  was  quite 
a  number  of  superheater  engines  on  the  Lancashire  and  Yorkshire 
Railway,  and  so  far,  he  had  only  had  experience  with  the 
Schmidt.  Out  of  the  number  running,  twenty  engines  had  been  in 
competition  with  twenty  simple  engines,  and  the  figures,  brought 
down  to  the  31st  August  1912,  were  as  follows :  The  mileage  for 
the  superheater  engines  was  867,514,  and  for  the  non-superheater 
engines  744,454.  The  ton-mileage  was  332,208,505  for  the 
superheater  engines,  and  270,940,977  for  the  non-superheater 
engines.  The  total  coal-consumption  was  63,974,731  lb.  and 
63,397,5841b.  respectively,  showing  an  economy  for  the  superheaters 
of  13*4  per  cent,  per  train-mile  and  18*3  per  cent,  per  ton-mile. 
It  would  be  realized  that  those  were  large  figures,  and  he  might 
safely  add  that,  if  they  had  been  carried  out  absolutely  under  test 
conditions,  at  least  5  per  cent,  more  would  have  been  obtained. 
He  desired  to  add  one  remark  as  to  cost,  namely,  that  after  an 
experience  of  six  years  it  had  been  found  that  the  superheater 
engines  did  not  cost  more  for  maintenance  than  the  non-superheater 
engines. 


Discussion  on  Thursday,  3rd  April  1913. 

Mr.  Lawford  H.  Fry  said  the  Paper  ofi'ered  two  points  for 
discussion,  first,  the  theoretical  method  which  the  authors  had 
used  for  calculating  the  probable  saving  by  the  application  of 
superheating  and  feed-water  heating  ;  and,  secondly,  the  practical 
application  of  the  devices.  In  connection  with  the  theoretical 
method,  he  thought  it  would  have  been  well  for  the  authors  to 
have  called  attention  to  the  quality  of  the  coal  with  which  the  figure 
on  page  347  was  obtained,  since  the  relation  between  efiiciency  and 
the  rate  of  firing  depended  very  largely  on  the  composition  of  the  coal. 
To  illustrate  that  point,  he  showed  a  diagram.  Fig.  41  (page  416). 
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Line  a  was  the  line  so  marked  in  the  Paper,  and  represented 
the  heat  in  the  coal  fired.  Line  d  was  also  taken  from  the  authors' 
Paper  and  show^ed  the  heat  taken  up  by  the  boiler  and  used  in 


Fig.  41. — Relation  between  Rates  of  Coal  Consumption  and  Evaporation 
with  regard  to  Quality  of  Coal. 
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evaporation.  He  had  left  out  the  lines  between  these  two,  wliicli 
the  authors  used  to  show  the  distribution  of  the  losses  between 
nnburnt  coal  and  heat  in  the  sinoko-box  gases.  To  the  figure 
he   liad   added    the   line    e,  which  was  obtained  from  tests   made 
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by    Professor   Goss    on   an    entirely    different   boiler,   but   with    a 

coal  very  similar  to  that  of  line  d.     He  had  also  added  a  line  /, 

showing   tests   made    on   the    same  boiler   as   the   line    e,  with   a 

coal  having  a  much  higher  volatile  content.     The  coals  to  which 

lines  e  and    d    corresponded   had   about  15   per  cent,    of   volatile 

matter,  while  the  coal  represented  by  the  line  /  had  about  35  per 

cent.       The    difference    in   the    efficiency   at   the    high    rates    of 

combustion  was  very  marked.      A  considerable  difference  was  also 

met  with  when  the  authors'  method  was  applied.     For  instance,  the 

upper  horizontal  line  represented  the  original  rate  of  heat  absorption, 

and,  with  the  authors'  coal,  corresponded  to  a  rate  of  firing  of  about 

80  lb.  of  coal  per  square  foot  of  grate  per  hour.     If  the  rate  of 

heat   absorption    was   reduced    to    515,000    B.Th.U.    per   hour   as 

represented  by  the  lower  horizontal  line,  the  rate  of  firing  with  the 

coal  of  line  d  was  reduced,  as  the  authors  had  shown,  from  80  lb.  to 

58*5,  showing  a  saving  of  26*9  per  cent.     When  the  coal  with  the 

higher  percentage  of  volatile  matter  was  taken,  the  original  rate  of 

heat  absorption  of   632,000  B.Th.TJ.  took  place,  with  only  about 

64  lb.  of  coal  per  square  foot  of  grate  per  hour,  and  if  that  were 

reduced  to  the  lower  line,  representing  a  heat  absorption  of  515,000 

B.Th.U.  per  hour,   the  rate  of  firing  was  reduced  to   51  lb.  per 

square  foot  of  grate  per  hour,  and  the  saving  was  only  19*5  per 

cent.     The  authors  in  applying  the  curves  to  their  figure  had  taken 

great  care  to  make  the  necessary  reservations  to  obtain  satisfactory 

results,  but  he  thought  a  word  of  warning  might  be  given  for  the 

sake  of  those  with  less  experience,  so  that  it  might  be  clear  that  the 

curves  d  were  not  applicable  in  every  case. 

Before  referring  to  the  practical  application,  he  desired  to  call 
attention  to  the  figures  on  pages  401  and  402  comparing  the 
compounding  and  superheating.  The  De  Glehn  compound  engines 
were  evidently  of  a  special  design,  and  he  thought  they  were  hardly 
properly  comparable  with  the  superheater  engines.  If  the  engines 
were  of  similar  design,  it  ought  to  be  possible  to  obtain  a  compound 
engine  at  a  cost  not  more  than  10  per  cent,  greater  than  that  of  the 
single-expansion  engine,  instead  of  about  75  per  cent.,  as  shown  by 
the  figures  in  the  Paper.      The  repairs,  too,  on  a  simpler  type  of 

2  G 
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compound  would  be  considerably  less,  and  altogether  the  annual 
charges  for  an  engine  of  similar  design  to  the  ordinary  engine,  but 
with  compound  cylinders,  w^ould  be  some  <£400  less  than  the  figures 
given  in  Table  11  (page  402)  for  the  De  Glehn  engine.  Of  course 
the  figures  given  were  perfectly  correct  for  the  Egyptian  State 
Raihvays  compounds,  but  w^ere  hardly  a  fair  representation  of  the 
cost  of  compounding  compared  with  the  cost  of  superheating. 

Coming  to  the  practical  application,  he  thought  that  the  majority 
of  locomotive  engineers  would  experience  a  certain  reluctance  to 
putting  what  looked  like  a  very  complicated  arrangement  of  pipes 
into  the  smoke-box.  They  would  want  to  be  assured  of  real  and 
important  savings  and  of  great  certainty  of  operation.  In  respect 
to  the  question  of  repairs,  he  thought  that  further  particulars  as  to 
the  length  of  life  of  the  feed-water  heaters  would  be  of  importance 
The  authors  said  (page  403)  that  the  life  of  the  heaters  was  dependent 
on  the  water  and  on  the  irregularities  of  pitting,  and  that  the  steel 
tubes  lasted  in  most  cases  for  about  63,000  miles.  The  success  of 
the  heater  in  practical  work  would  depend  largely  on  the  number 
of  failures  which  occurred  before  the  engine  was  ready  to  be 
shopped  for  general  repairs.  If  the  tubes  failed  at  less  than  63,000 
miles,  it  would  mean  that  the  engine  would  be  thrown  out  of 
service  on  account  of  the  feed-water  heater,  before  otherwise 
required  to  go  to  the  shops  for  repairs.  As  certainty  of  operation 
was  of  even  greater  importance  in  a  locomotive  than  high  economy, 
a  very  few  premature  failures  of  the  feed-water  heater  would 
handicap  the  system  severely. 

Turning  to  the  pitting  of  tubes  in  feed-water  heaters,  this  was, 
he  said,  a  difficulty  frequently  encountered,  but  its  origin  was 
somewhat  obscure.  In  America  many  of  the  large  Mallet 
locomotives  had  been  fitted  with  feed-water  heaters  in  the  extension 
of  the  boiler,  and  very  considerable  trouble  had  been  experienced. 
The  pitting  appeared  to  })e  worst  with  water  of  good  quality,  the 
incrustjition  deposited  ))y  the  liarchu*  water  protecting  the  tubes 
and  sliell  of  the  lieater. 

To  ilhistrate  the  type  of  licatcr  us(m1  on  tlie  Mallot  locomotives 
and  the  method  adopted  for  overcoming  the  pitting,  he  sliowod  an 


ArKIL  1913.      LOCO.    SUPERHEATING    AND    FEED-WATER   HEATING. 


419 


illustration  of  a  large  Mallet  engine,  Fig.  42.  The  forward  part  of 
the  boiler  had  been  made  into  a  feed-water  heater,  which  was  not 
put  in  primarily  to  obtain  economy  but  as  a  means  of  utilizing  the 
forward  length  of  the  boiler.  As  would  be  seen,  the  regular  boiler 
on  the  rear  portion  had  tubes  21  feet  long.  It  was  not  desirable  to 
make  the  tubes  very  much  longer  than  that,  so,  to  provide  weight  on 
the  forward  engine,  the  boiler  was  given  a  feed-water  heater  about 
5  feet  3  inches  long.  As  at  first  built,  this  heater  was  kept 
completely  full  of  w^ater,  the  injectors  delivering  the  water  at  the 
sides,  while  from  the  top  of  the  heater  the  water  was  taken  out 
and  fed  back  into  the  boiler  proper  for  evaporation.  With  this 
arrangement,  considerable  difficulty  was  encountered  by  reason  of 
the  pitting  of  the  tubes,  and  finally  the   feed-water  heater   was 

Fig.  42. — Mallet  Articulated  Locomotive  for  the  Oregon  Railroad 
and  Navigation  Co. 

FEED-WATER  HEATER 
401-2>i"TUBES 


connected  with  the  boiler  proper  by  two  pipes  below  the  level  of  the 
water  in  the  boiler,  thus  steam  was  allowed  to  collect  on  the  top  of 
the  water  in  the  heater.  That  had  largely  done  away  with  the 
difficulty  in  pitting,  and  had  not  made  any  noticeable  difference  in 
the  efficiency  of  the  boiler. 

If  he  had  spoken  of  the  difficulties,  the  authors  would  recognize 
that  there  were  still  a  number  of  problems  to  be  solved  before  feed- 
water  heating  took  its  place  as  a  normal  feature  of  locomotive 
practice.  He  desired,  however,  to  record  his  admiration  of  the 
courage  with  which  the  authors,  foreseeing  the  great  economy,  had 
attacked  and  overcome  so  many  of  the  difficulties.  He  would 
also  Hke  to  express  his  admiration  for  the  method  in  wiiich  the 
theoretical  side  of  the  subject  was  presented  in  the  Paper.  [See 
also  page  461.]  2  o  2 
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Mr.  C.  J.  BowEN  CooKE  (L.  and  N.W.R.)  said  the  authors  gave  a 
mass   of   figures  which  required   some  considerable  time  to  digest 
thoroughly ;  but  it  seemed  to  him  (Mr.  Cooke)  that  the   principle 
on  which  they  went  w^as  that  the  water  of  a  locomotive,  before 
going  into  the  boiler,  must  be  heated  by  w\aste  products  without 
any   expense,    and   the    steam,  after  passing   through    the    boiler, 
must  be  heated  in  a  similar  way  without  expense,  before    being 
passed  on  to  the  cylinders.     He   thought  that  was  a  proposition 
over  w^hich  every  engineer  dealing   with   locomotive  construction 
had  been  thinking   very  carefully  for  a  long   time.     The   matter 
had   been   put    before    them   in    a    very    practical    w^ay,    and    the 
whole  of  the  theoretical  side  had  also  been  very  thoroughly  gone 
into.      Whilst,  undoubtedly,  there  were  difficulties  in  the  way  of 
feed-water  heating,  there  was  no  doubt  the  subject  had  been  put 
before  the  Institution  in  a  way  which  he  was  sure  would  be  of  great 
benefit  to  all  locomotive  engineers  in  the  country.     He  would  like 
to  say  that,  with  English  experience,  it  was  somewhat  difficult  to 
understand  how  the  efficiency  of  the  boiler  was  maintained  with  the 
complicated  arrangement  of  feed-water  heater-pipes  in  the  smoke- 
box,  particularly  with  the  type  C  arrangement,  where  the  gases 
from  the  boiler  tubes  had  to  follow  such  a  tortuous  passage  before 
arriving  at  the  chimney.     The  experience  on  the  London  and  North 
Western  Railway  in  experimenting  with  various  forms  of  spark- 
arrester,  which  had  of  necessity  to  be  placed  in  the  same  position  as 
the  feed-water  heater  in  the  smoke-box,  invariably  showed  that,  on 
very  heavy  loads  at  very  high  speeds,  the  steaming  efficiency  of  the 
engine  was  certainly  curtailed.     It   was,   therefore,  a  matter  for 
further  experience  to  show  whether  there  would  be  any  difficulties 
of  that  sort  when   dealing  with  English  locomotive  practice,  and 
also  whether,  by  using  the  feed-water  heater  described,  the  benefits 
derived  from  it  would  be  reduced  by  the  initial  cost  of  installation 
and  the  expense  of  upkeep.     On   the  London  and  North  Western 
Railway  various  forms  of  feed-water  heaters  had  been  tried,  but  the 
result,    so  far,  had    not   been    very   encouraging.      It   would   also 
rather  appear  that  the  further  somewhat  compli("ited  arrangement 
might  place  extra  work  on  the  driver  and  fireman  in  attending  to 
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the  pump,  etc. ;  and  whether  that  would  militate  against  the  due 
observation  of  their  other  important  duties  Avas  a  matter  which 
experience  would  determine. 

AYith  regard  to  superheating,  he  did  not  think  any  member 
would  for  one  moment  express  any  opinion  except  that  the  results, 
which  had  been  found  by  all  railways  who  had  exploited  the  subject, 
had  been  of  the  most  satisfactory  character.  Engines  fitted  with 
superheaters  had  shown  that,  not  only  had  the  economies  which  had 
been  promised  been  amply  fulfilled,  but  also  had  made  the  locomotive 
far  more  eflicient  both  in  hauling  power  and  speed — factors  which 
perhaps  were  even  as  important  in  the  main  as  coal  economy. 

He  desired  to  say  a  few  words  with  regard  to  Mr.  Churchward's 
most  captivating  suggestion  that  it  might  be  possible  for  railway 
companies  lo  subscribe  to  build,  for  experimental  purposes,  a 
locomotive  which  would  be  the  common  property  of  all  the  railways 
concerned.  He  believed  the  idea  was  originally  broached  by  Sir 
Frank  Eee,  the  General  Manager  of  the  London  and  North 
Western  Railway  Company.  Such  an  arrangement  might  be  made, 
and  at  a  comparatively  small  cost  when  divided  up  amongst  a  number 
of  companies,  and  the  experiments  would  no  doubt  prove  most 
useful.  On  the  other  hand,  it  could  not  be  denied  that  the 
requirements  of  different  railway  companies  were  not  comparable 
in  many  instances.  For  instance,  the  two  companies  running  north 
to  Scotland  and  w^est  to  Penzance,  namely,  the  North  Western  and 
the  Great  Western,  taken  all  round  did  have  a  fairly  comparable 
state  of  afiairs.  The  North  Western  had  a  fairly  level  road  up  to 
Crewe  and  a  very  hilly  road  on  northwards.  The  Great  Western 
in  a  similar  w^ay  had  a  level  road  down  to  Bristol  and  farther  west 
had  to  contend  with  heavy  gradients.  Both  companies  had  to  make 
provision  for  hauling  very  heavy  trains  at  the  maximum  speed  with 
long  non-stop  runs,  and  they  were  able  to  construct  locomotives  to 
do  that  efficiently,  because  in  both  instances  the  permanent  way 
had  been  brought  up  to  date.  But  such  was  not  the  state  of  affairs 
in  the  case  of  some  other  railway  companies.  Many  other  railways, 
which  might  justly  be  considered  to  be  principal  main  lines  of  the 
country,  did  not  have  to  contend  with  exactly  the  same  conditions ; 
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and  therefore  either  in  constructing  engines  or  even  in  fitting 
them  with  superheaters,  where  the  distance  between  stops  was  a 
very  great  factor,  they  could  not  be  said  to  be  comparable.  To  a 
great  extent,  each  locom.otive  engineer  in  designing  his  engine  had 
to  cater  for  the  special  needs  of  his  own  line.  There  was  also 
another  aspect  of  the  question.  It  might  possibly  tend  to  minimize 
a  desire  to  alter  the  design  to  mieet  individual  requirements,  because 
the  moment  the  accepted  standard  was  agreed  upon  by  common 
consent,  if  it  was  departed  from  in  the  least  the  standard  would  go 
to  the  wall  altogether.  Having  said  so  much,  if  Mr.  Churchward 
would  seriously  follow  up  his  proposition,  he  (Mr.  Bowen  Cooke) 
would  be  quite  willing  to  recommend  his  Directors  on  the  London 
and  North  Western  Railway  to  participate,  as  no  doubt  the  trials  and 
experiments  made  by  difi*erent  railway  companies  with  a  common 
locomotive  would  enable  them,  to  deduce  some  dependable  data, 
which  would  be  useful  for  locomotive  engineers  in  future  designs. 

In  conclusion,  he  might  opine  that  there  might  be  some  little 
difficulty  in  settling  who  should  undertake  the  responsibility  of 
designing  such  a  model  locomotive,  as,  apart  from  individual 
requirements,  the  cost  of  altering  standard  parts  would  have  an 
important  bearing  on  the  commercial  aspect  of  the  general  question  ; 
and  he  could  not  help  thinking  that  whoever  undertook  the  task 
would  naturally  be  inclined  to  work  in,  so  far  as  he  could,  his  own 
designs  and  his  own  particular  parts  of  the  engine  which  he  was 
going  to  send  forth  on  its  trial  throughout  the  kingdom.  He 
thought  also  it  would  be  rather  a  good  thing,  if  such  a  proposition 
eventually  did  come  to  anything,  if  somebody  was  appointed  who 
would  undertake  to  see  it  through  with  all  the  companies  concerned  ; 
and  as  the  suggestion  had  been  the  outcome  of  Mr.  Trevithick's 
most  interesting  Paper,  he  could  not  imagine  that  that  gentleman 
could  >)etter  follow  up  his  honourable  career  with  the  Egyptian 
State  Hallways  than  by  helping  to  hvmg  railway  companies  into 
line,  if  the  idea  of  a  common  locomotive  ever  bore  fruit. 

Mr.  C.  Humphrey  Wingfield  said  the  key-note  of   this  most 
interesting  Paper  was  struck  on  tlie  first  psigc^,  wliere  tlie  authors 
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said  if  "  the  rate  of  firing  "  (that  is,  per  square  foot  of  grate  area) 
"  is  brought  down,"  increased  economy  resulted.  Fig.  4  (page  349) 
indicated  that  in  locomotives  the  coal  burnt  per  square  foot  of 
grate  per  hour  varied  almost  directly  as  the  draught,  expressed  in 
inches  of  water  column.  In  torpedo  craft  this  relation  was  different, 
the  coal  consumption  varying  more  nearly  as  the  square  root  of  the 
height  of  the  water  column.  He  suggested  that  the  reason  for  this 
difierence  might  be  found  in  the  fact  that  the  thickness,  and 
therefore  the  resistance,  of  the  fuel  on  the  grate  of  torpedo-boats  and 
destroyers  varied  with  the  draught  pressure,  being  kept  as  small  as 
was  consistent  with  absence  of  holes  in  the  fire,  whereas  he  believed 
it  was  m.uch  more  constant  in  the  case  of  locomotives. 

The  reasons  usually  adduced  for  the  economy  experienced,  when 
superheated  steam  was  adopted,  were  : — 

(1)  Reduction  of  cylinder  condensation. 

(2)  „  „  pipe  „ 

(3)  „  ,,  radiation. 

(4)  „  „  leakage  in  joints  and  slide-valves. 

Very  few  people  now  claimed  any  important  thermodynamic  gain. 
The  authors  had  brought  forward  a  new  reason : — 

(5)  Less  partly-burnt  cinder  was  blown  into  the  smoke-box 
because,  owing  to  reduced  steam  consumption,  less  coal  had  to  be 
burnt  and  hence  a  softer  blast  was  sufficient. 

Of  course  the  reduced  steam  consumption  referred  to  in  the 
last  paragraph  was  partly  due,  as  the  authors  pointed  out,  to  the 
heat  saved  by  feed-water  heaters ;  so  that,  where  these  were  fitted, 
the  waste  due  to  cinders  and  sparks  might  be  expected  to  be  less 
than  with  superheat  alone. 

Fig.  43  (page  424)  illustrated  the  authors'  statement  on  page  378 
that  the  condensation  in  the  feed-heaters  of  part  of  the  steam, 
leaving  the  cylinders  was  equivalent  to  a  "  virtual "  increase  of  the 
size  of  the  blast-nozzle.  In  order  to  make  this  clear,  he  had  greatly 
exaggerated  the  amount  of  condensation,  which  was  assumed  in  the 
diagram  to  be  as  much  as  two-fifths  of  the  steam  wdiich  would 
otherwise   issue   from   the   nozzle.      This  was   shown   in   Fig.   43 
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by  dividing  the  current  of  steam  entering  the  left-hand  end  of 
the  pipe  at  A  into  five  layers,  the  condensation  of  two  of  which  was 
diagrammatically  represented  by  two  of  these  layers  flowing  through 
the  branch  D  at  the  side  of  the  pipe.  The  remaining  three  layers 
had  to  expand  sufficiently  to  fill  the  original  area  of  pipe,  to  do 
which  they  had  to  increase  to  a  thickness  [see  end  view  at  C),  which 
was  the  same  as  if  all  five  layers  had  been  led  into  a  nozzle,  the 
area  of  which  was  five-thirds  of  the  original  one,  this  area  representing 


Fig.  43. — "  Virtual  Increase''  of  Blast- 
Nozzle  due  to  Condensation  in 
Feed-heaters. 
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Fig.  44. — Effect  of  Conical  Nozzles 
on  Draught. 


the  "  virtual  "  nozzle  described  by  the  authors.  He  thought,  however, 
tliat  as  the  perimeter  of  the  actual  nozzle  was  so  imuh  less  than 
tliat  of  tlio  "  virtual  "  nozzle  sliown  in  the  end  view,  its  inducing 
action  on  tlu;  l)last  would  not  bo  so  oilectivo,  altliough  evidently 
sufiicient  for  what  was  required. 

He  had  noticed  tliat  truncated  cones  were  sometimes  placed 
between  the  funnel  and  blast-nozzles  of  locomotives.  No  doubt 
conical  **  petticoats  "  were  of  value  in  locomotives  for  locating  a 
"  sink,"  or  point  towards  wliicli  the  gases  from  the  boiler  tubes 
flowed,  but  it  appeared  possible  that  they  were  a  disadvantage  in 
otlier  respects. 
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In  Fig.  44  he  had  shown  an  experiment  made  in  order  to 
ascertain  whether  an  "  induced  draught "  could  be  efficiently 
obtained  by  means  of  a  fan,  w^ithout  the  disadvantage  of 
passing  the  hot  gases  through  it.  On  one  side  of  the  box  the 
discharge  pipe  F  from  a  fan  was  fitted  so  as  to  blow  straight  across 
into  a  larger  pipe  C  on  the  other  side,    intended  to  represent  a 

Fig.  45. — Laiu  connecting  Rate  of  Combustion  with  Loss  by 
Sparks  and  Cinders. 
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locomotive  chimney.  An  anemometer  A  was  fitted  to  a  hole  at 
the  other  end  of  the  box,  through  which  the  induced  current  of  air 
entered,  and  a  "  U-tube "  manometer  M  indicated  the  degree  of 
vacuum  produced.  It  w^as  found  that,  w^ith  cones  arranged  as 
shown,  the  inducing  effect  was  insignificant,  but  wdien  these  were 
removed,  as  shown  to  the  right  of  the  figure,  several  inches  of 
vacuum  were  at  once  produced. 
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There  was  a  critical  point  in  the  curve  of  Fig.  6  (page  350) 
which  was  not  evident  as  originally  plotted.  This  point  was  very 
apparent  on  Fig.  45  (page  425)  on  which  he  had  re-plotted  the  curve 
logarithmically.  In  this  form  the  curve  became  two  straight  lines, 
of  different  inclination,  meeting  at  a  point  representing  a 
consumption  of  77*4  lb.  of  coal  per  square  foot  of  grate  area.  By 
measuring  the  inclination,  he  found,  calling  the  coal  per  square  foot 
of  grate  per  hour  "  G,"  that  the  weight  of  cinders  varied  as 
(G)^'"  up  to  this  critical  point,  but  that  at  higher  rates  of 
consumption  the  cinders  varied  as  (G)^'^^.  Possibly  the  weight  of 
the  "  cinders  "  was  balanced  at  this  point  by  the  increased  force  of 
the  draught,  which  would  account  for  the  sudden  increase  of  waste 
at  the  higher  rates  of  combustion. 

He  had  not  observed,  at  the  time  Mr.  Lawford  Fry's  Paper  was 
published,  how  very  large  a  part  of  the  total  loss  of  heat  was 
attributed  to  solid  matter  blown  into  the  smoke-box.  He  had 
attempted  to  make  a  rough  check  of  this  "  loss  in  unburnt  fuel " 
shown  in  Fig.  1  (page  346),  based  on  the  particulars  given  in  Figs.  6 
and  7  for  Youghiogheny  coal,  but  the  result  indicated  that  it  was 
not  possible  to  obtain  a  useful  check  in  this  way ;  partly  no  doubt, 
owing  to  the  Youghiogheny  coal  having  a  different  calorific  value 
and  specific  gravity  to  that  used  on  the  trials  represented  in  Figs.  1 
and  2.  If  the  grate  areas  were  diff'erent  in  the  two  sets  of  trials, 
the  quantity  of  cinders  and  perhaps  their  calorific  value  would,  no 
doubt,  also  be  affected.  Perhaps  the  authors  in  their  reply  would 
be  kind  enough  to  give  the  calorific  value  of  the  coal  represented 
by  Figs.  6  and  1  respectively,  and  also  the  grate  areas  in  each  case. 

He  gathered,  from  a  further  study  of  the  Paper,  that  each 
diagram  was  intended  to  be  taken  as  complete  in  itself,  and  that 
the  authors  did  not  contemplate  their  use  in  combination.  He 
could  find  no  suggestion,  for  instance,  that  the  results  shown  on 
No.  2  curve  of  Fig.  7  (page  352)  were  taken  from  the  cinders  obtained 
from  the  boiler  giving  the  results  in  Fig.  6,  and  it  would  be  well, 
perliaps,  if  they  would  add  a  word  of  caution  against  using  the 
datji  ol)tained  from  one  trial  in  conjunction  with  those  from 
another — even  if  from  the  same  engine. 


< 


Apkil  1913.      LOCO.    SUrERHEATING   AND   FEED-WATER   HEATING.  427 

The  authors  mentioned  (page  387)  that  "both  in  feed-heating 
and  in  superheating  the  harder  the  engine  works  the  higher  the 
temperature  attained."  No  doubt  this  was  partly  due  to  the 
increased  temperature  of  the  gases  in  the  smoke-box  which, 
in  the  cases  of  Figs.  4  and  5,  varied  approximately  as  the 
■jy  coal  per  square  foot  of  grate  per  hour.*  It  was  also  due, 
however,  to  the  velocity  of  the  steam  or  water  past  the  metal  of 
the  heating  tubes,  as  well  as  to  that  of  the  gases.  So  far  back 
as  1897  Professor  Ripper  f  pointed  this  out  and  said,  "it  was 
found,  in  ordinary  practice  with  superheating,  if  the  load  on  the 
engine  was  reduced,  the  temperature  of  the  steam  immediately 
began  to  fall,  though  there  was  no  appreciable  change  in  the  condition  of 
the  fire  ;  on  the  other  hand,  if  the  load  was  increased,  the  superheat 
of  the  steam  increased  also."  This  was  with  a  stationary  boiler 
in  which  the  rate  of  steaming  did  not,  as  in  the  case  of  the 
locomotive,  affect  the  rate  of  combustion.  Seeing  nevertheless  that, 
in  Professor  Ripper's  experiments,  an  increased  velocity  of  steam 
through  the  tubes  resulted  in  a  higher  degree  of  superheat,  it  would 
appear  that,  in  such  circumstances,  increased  superheat  corresponded 
to  a  decreased  temperature  of  the  superheating  tubes.  This 
sounded  paradoxical,  and  he  would  be  glad  to  know  if  the  authors 
could  in  any  way  confirm  such  a  conclusion. 

He  would  be  very  interested  to  know  how  the  tubes  were  fitted 
in  the  tube-plates  of  these  superheaters  and  feed-heaters,  and  if 
any  loosening  or  other  trouble  was  experienced  from  expansion  and 
contraction  of  the  tubes. 

The  point  made  on  page  383  was  an  important  one :  a  gain  of 
18*8  per  cent,  of  the  gross  power  produced  represented  a  much 
larger  percentage  of  the  brake  or  useful  horse-power. 

*  The  same  relation  held  good,  approximately,  in  the  trials  of  a 
Thornycroft  water-tube  boiler  recorded  on  pages  68  and  69  of  vol.  xcix, 
Proceedings  Inst.  C.E.,  but  it  could  not  be  taken  as  a  universal  law 
without  further  confirmation. 

t  Ripper  on  "  Superheated  Steam  Trials,"  Proceedings  Inst.  C.E., 
1897,  vol.  cxxviii,  page  60. 
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Referring  to  Fig.  9  (page  358),  on  which  "  the  only  records  yet 
published  showing  the  effect  of  progressive  superheat  on  steam 
consumption  in  locomotive  service  "  were  plotted,  Mr.  Wingfield 
said  he  was  rather  surprised  to  find  they  fell  on  a  straight  line. 
The  shape  of  the  authors'  diagram  w^as,  however,  confirmed  by 
Fig.  46  on  w^hich  he  had  plotted  the  results  of  a  trial  by  Professor 
Schroter  on  a  tandem  compound  stationary  engine,  which  also 
fell  on  a  straight  line.  Assuming  for  the  present  that  further 
investigation  would  show  that  the  saving  per  horse-power  always 


Fig.  46. — Examples  slwwing  Straight-line  Laio  of  gain  due  to  Superheat. 
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plotted  as  a  straight  line  when  tlio  powder  was  regulated  by  the 
throttle-valve,  he  had  plotted  three  other  trials,  in  each  of  which, 
however,  only  two  s2)ots  were  available.  Two  of  these  were 
practically  parallel  witli  Professor  Sch rotor's  curve,  and  the  fact 
that  their  inclination  was  less  than  that  of  the  locomotive  curve, 
reproduced  from  Fig.  9,  showed,  as  might  be  expected,  that  in  the 
more  economical  type  of  engine  tlie  gain  duo  to  superheat,  expressed 
as  pounds  of  steam  per  i.h.p.  per  hour,  was  less  than  in  the  case  of 
a  non-condensing  engine;   tliis  gain  in  the  latter  being  2*81  lb., 
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and  in  Professor  Schroter's  trial  only  1*01  lb.  for  each  lOC^  of 
superheat.  In  the  third  trial  referred  to  above,  which  was  made 
by  Sir  James  Ewing  on  an  engine  in  Holland,  the  slope  was  very 
steep,  and  although  this  was  a  compound  condensing  engine,  the 
gain  due  to  superheat  was  apparently  much  greater  even  than  in 
the  locomotive  type.  A  large  part  of  this  gain,  however,  was  due 
to  the  fact  that  the  horse-power  when  working  with  superheated 
steam  was  47  per  cent,  greater  than  when  working  without  it, 
whereas  in  the  other  stationary  engines  the  horse-power  was  nearly 
constant.* 

Mr.  D.  E.  Marsh  said  that,  on  glancing  through  the  Paper,  he 
had  been  surprised  to  see  the  very  high  economies  effected  in  certain 
cases  from  feed-water  heating  and  also  from  low  temperature 
superheating,  but  he  thought  he  had  cleared  his  mind  somewhat 
when  he  came  across  some  other  figures,  showing  that  in  the 
Egyptian  engines  there  was  more  to  come  and  go  at  than  was  the 
case  with  some  of  the  English  locomotives.  He  had  noticed,  for 
instance,  that  there  were  cases  in  which  the  smoke-box  exhaust 
gases  ran  up  to  between  700°  and  800°  F.  No  doubt,  when 
measures  for  arranging  superheating  and  feed- water  heating  were 
applied  to  those  engines,  high  economies  would  accrue.  He  desired 
to  ask  the  authors  to  state  in  their  reply  whether  those  results  had 
been  corroborated  in  the  course,  say,  of  observation  of  the  year's 
coal  sheets.  He  himself  had  been  buoyed  up  with  great  hopes  in 
experiments  on  trial  locomotives  by  the  happy  results  arrived  at  in 

*  Since  the  Meeting  some  tests  made  with  superheated  steam  on  the 
yacht  "  Idalia,"  by  Dr.  S.  Jacobus,  who  was  well  known  as  an  extremely 
accurate  experimenter,  had  been  published  in  the  Mechanical  World  for 
11th  April  1913.  Mr.  Wingfield  had  plotted  the  water  per  h.p.  per  hour  on 
Fig.  4G,  and  it  was  interesting  to  see  that  the  spots  were  all  close  to  a 
straight  line.  It  should  be  noted  that  the  steam  used  by  feed,  air,  and 
circulating  pumps  was  included,  but  that  the  i.h.p.,  by  which  the  total 
weight  of  steam  was  divided,  was  that  of  the  main  engines  only.  This  would 
account  for  the  "  economy  "  being  so  poor,  and  the  gain  from  superheat  so 
considerable,  namely,  5*1  lb.  per  i.h.p,  hour  per  100°  superheat. 
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51  specified  trial  ;  but  at  the  end  of  the  year  the  expected  economies 
had  not  been  achieved.  From  experiments  he  had  made  with  feed- 
water  heating,  he  agreed  with  the  authors  that  great  economies 
could  be  eflfected  by  the  proper  introduction  of  a  feed-water 
heater.  He  did  not  like  tampering  with  the  smoke-box  end  of 
the  engine,  for  the  reason  that,  as  long  as  the  locomotive  engineer 
or  his  assistants  were  present  to  see  that  the  arrangement  in 
the  smoke-box  had  attention,  it  would  be  looked  after,  but  when 
it  was  out  of  the  running-shed  and  away  from  the  observation 
of  the  locomotive  engineer  or  his  inspectors  it  had  to  look 
after  itself.  He  thought  anything  in  the  smoke-box,  especially  if 
it  was  an  arrangement  filled  up  with  tubes,  would,  in  the  smoke 
side,  become  clogged  with  soot,  and  on  the  water  side  in  course  of 
time  it  would  become  clogged  with  scale.  He  had  come  to  that 
conclusion  by  fixing  a  diaphragm  in  the  barrel  of  a  boiler  similarly 
to  that  pointed  out  in  the  photograph,  by  one  of  the  speakers,  in 
the  Mallet  engine.  He  had  not  been  troubled  with  pitting  of  the 
tubes  in  that  part  of  the  boiler,  as  was  his  experience,  but  he  had 
been  troubled  with  encrustation  of  the  tubes  from  the  feed-water 
heating.  It  was  a  most  eflicient  feed-heater  in  the  first  place,  but 
it  gradually  deteriorated,  until  there  was  very  little  economy  by  the 
time  the  engine  had  to  go  into  the  engine-shed  to  have  its  tubes 
changed.  The  tubes  were  so  corroded  up  that  they  had  to  be 
cut  off. 

Personally,  he  preferred  the  somewhat  antiquated  method  of 
feed-water  heating  by  condensation.  Although  it  was  old-fashioned, 
he  thought  it  was  the  most  practical  method  at  the  end  of  the  year, 
because  there  was  nothing  to  get  out  of  order ;  and  if  an  arrangement 
was  made  to  take  the  feed-water  from  near  the  surface  of  the  water 
on  which  the  steam  was  condensed,  the  feed-water  could  be  got 
into  the  boiler  very  near  to  boiling  temperature.  Critics  of  that 
method  would  no  doubt  refer  to  the  boiler  getting  blocked  up  with 

grease  and  oil  from  the  condensed  steam,  but  from  a  practical  point 
(>f  vi(!W  lie  found,  inst(;ad  of  it  ])(;ing  deleterious,  it  was  a  great  hi^lp 
in  k(!(;ping  down  the  scale  in  the  boiler.     A  locomotive  boiler  could 

not  be  treated  in  the  same  manner  as  a  land  boiler,  because  there  was 
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no  trouble  in  getting  fats  and  oils  encrusted  on  the  top  of  the 
fire-box  or  the  tubes,  and  if  that  did  arise  no  harm  would  result ; 
there  were  stays  every  4  inches  in  both  directions  and  a  collapse  of 
the  boiler  never  occurred,  but  as  a  matter  of  fact  such  a  deposit 
never  appeared.  It  seemed  to  mix  with  the  chalk  in  the  water 
used  for  making  the  steam,  and  it  really  aided  the  washing  out  of 
the  boiler  at  the  end  of  the  week,  the  chalk  being  removed  in  the 
form  of  sludge.  In  fitting  such  a  feed- water  heater  to  the  engines 
on  the  London,  Brighton  and  South  Coast  Railway,  he  started  with 
engines  of  one  type  and  split  them  up  into  three,  fitting  a  feed- 
water  heater  to  one  section,  a  superheater  to  another  section  of  the 
same  type,  and  a  feed-water  heater  and  a  superheater  to  another 
section.  He  also  ran  some  of  the  same  type  without  feed-water 
heating  or  superheating.  The  result  was  that  at  the  end  of  the 
year  from  the  coal  sheets  the  economy  of  feed-water  heating  over  the 
engine  which  had  neither  feed-water  heater  nor  superheater  showed 
roughly  15  per  cent.,  and  that  of  the  superheater  of  a  high  superheat, 
600°  F.,  showed  from  20  to  25  per  cent,  varying  in  the  different 
engines.  Part  of  these  savings  could  be  attributed  to  the  reduction  in 
the  amount  of  unconsumed  fuel  referred  to  by  the  authors.  In  the 
engines  fitted  with  feed-water  heating  and  superheating,  the  sum 
of  the  above  economies  was  not  realized.  It  was  found  that  the 
temperature  of  the  feed-water  did  not  become  so  hot  when  the  two 
systems  were  used  conjointly. 

While  on  the  subject  of  superheating,  he  might  say  that  he  was 
not  altogether  in  agreement  with  the  authors,  or  with  the  last 
speaker,  in  saying  that  the  line  on  the  diagram  was  a  perfectly 
straight  one  in  practice.  The  usage  of  a  locomotive  could  not  be 
compared  with  that  of  a  land  engine,  for  the  simple  reason  that  the 
locomotive  was  rushing  through  so  much  air  and  there  was  so  much 
more  condensation.  He  had  found,  as  far  as  monetary  saving  at  the 
end  of  the  year  was  concerned,  that  there  was  not  much  in  the  first 
100°  or  so  of  superheat,  but  that  all  the  economy  was  effected 
when  somewhere  about  600°  F.  of  the  heat  of  the  steam  used  in 
the  cylinders  was  reached.     He  would  much  like  to  hear  from  the 
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authors  what  the  results  were  at  the  end  of  a  long  period,  in 
reading  the  coal  sheets,  of  those  different  engines  so  fitted  as 
described  in  the  Paper. 

Mr.  William  \Yeir  said  that,  although  daily  associated  with 
the  very  largest  feed-heating  and  feed-pumping  installations,  they 
were,  however,  of  the  marine  class,  and  it  was  only  during  the  last 
two  years  that  his  experience  had  widened  to  locomotive  practice. 
Accordingly  it  was  with  some  diffidence  that  he  ventured  for  a 
few  moments  to  remark  on  a  Paper  which  certainly  merited  the 
members' -most  sincere  congratulations.  The  analysis  of  the  different 
factors  involved  in  feed-heating  processes  was  practically  complete, 
and  afforded  little  opportunity  for  criticism  or  further  enlightenment. 
The  thermal  saving  in  those  processes  was  quite  definite  and  easily 
ctilculated,  but  the  actual  economies  obtained  were  considerably 
greater  than  was  accounted  for  by  the  heat  saving  alone.  The 
chief  reason  for  that  was  clearly  shown  by  the  authors  to  be  the 
reduction  in  unburnt  fuel  losses  under  feed-heating  conditions,  as 
compared  with  equal  power  production  without  feed-heating. 

The  values  obtained  in  practice,  indicated  on  Fig.  11  (page  363), 
were  in  striking  agreement  with  the  curves  deduced  from  Dr.  Goss's 
experiments,  and  in  that  connection  perhaps  the  authors  would 
allow  him  to  add  two  points  to  their  Fig.  1 1  to  confirm  their  views 
still  further.  The  first  was  a  result  obtained  with  an  ordinary 
exhaust-steam  feed-water  heater  fitted  to  a  locomotive  on  an 
important  Continental  railway.  The  comparative  trials  with  and 
without  the  heater  were  very  carefully  carried  out,  and  they  were 
carried  out  at  a  fixed  power  production.  The  heater  engine  gave 
16  per  cent,  economy  over  the  other,  the  feed  temperature  being 
raised  from  62°  to  185°  F.  That  point  it  would  be  noticed  came 
rather  above  the  line  of  coal  saving  shown  in  Fig.  11,  and  he 
believed  the  tendency  was  for  the  saving  actually  obtained  to  be 
somewhat  greater  at  the  lower  range  of  heating  than  at  the  higher. 
Th(;  next  point  was  taken  fi'om  a  comparative  test  on  an  English 
railway  system  and  covered  an  jilmost  exactly  simihir  range  of 
heating,  but  the  economy  was   11*3  per  cent.,  that  was,  sliglitly 
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over  the  calculable  thermal  saving.  The  reasons  underlying  the 
differences  in  the  two  cases  had  been  well  brought  out  by  the 
authors.  In  the  first  case  the  power  productions  on  the  locomotive 
were  exactly  the  same ;  in  the  second  case  the  heater  locomotive 
was  called  on  to  do  more  work,  and  due  to  its  ability  to  do  more 
work  the  coal  economy  did  not  reflect  the  total  benefit.  Another 
curve  would  be  necessary  to  show  that  benefit  which  would  represent 
coal  economy  plus  the  increased  commercial  value  of  the  locomotive. 
It  was  to  be  doubted  if,  at  its  rated  output,  the  locomotive  of 
thirty  years  ago  consumed  much  more  coal  per  i.h.p.  than  its 
modern  representative,  neglecting  of  course  superheater  locomotives. 
Accordingly,  any  improvements  of  the  order  of  from  12  to  40  per 
cent,  in  coal  economy  as  indicated  in  the  Paper  merited  the  closest 
possible  attention.  No  administration  could  aflford  to  neglect 
savings  of  that  nature,  provided  they  were  obtainable  without 
sacrifice  in  other  directions. 

The  Paper  submitted  three  alternative  economy  methods,  each 
method  being  capable  of  separate  detailed  consideration,  and  each 
method  was  characterized  by  independent  initial  cost,  maintenance, 
and  reliability,  while,  in  addition,  each  possessed  its  own  degree  of 
fuel  economy.  The  three  methods  were  feed-water  heating  by  flue 
gases,  feed-water  heating  by  exhaust  steam,  and  superheating. 
Approximately  the  comparative  fuel  economies  might  be  taken  as 
7 J  per  cent.,  15  per  cent.,  and  20  per  cent.  It  had  always  appeared 
to  him  somewhat  strange  that  of  those  three  available  methods, 
the  last,  superheating,  had  received  the  greatest  degree  of  favour 
and  adoption,  particularly  with  regard  to  its  application  to  existing 
locomotives.  He  did  not  think  it  would  be  denied  that  that  method 
entailed  the  greatest  initial  cost  and  the  greatest  maintenance 
charge,  and  for  existing  locomotives  the  maximum  structural 
alterations. 

In  marine  practice,  the  same  three  economy  methods  had  been 
open  for  adoption,  with  the  result  that  exhaust-steam  feed-heating 
had  become  universal.  When  he  said  exhaust-steam  feed-heating 
in  marine  practice,  he  referred  to  auxiliary  exhaust-steam  feed- 
heating,  because  of  course   the  main  exhaust  was   all   condensed. 

2   H 
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Flue-gas  heating  had  been  tried,  but  on  account  of  the  chemical 
and  physical  conditions  of  working,  the  rate  of  tube  upkeep  had 
proved  too  great  and  consequently  practically  no  examples  were  in 
existence  in  running.  Superheating  for  marine  work  had  been 
adopted  to  a  certain  limited  extent,  but  it  could  be  quite  fairly  said 
that  the  commercial  balance-sheet  of  its  advantages  had  not  yet 
disclosed  an  over-all  economy  of  such  a  degree  as  would  warrant  its 
universal  adoption.  Accordingly,  he  desired  to  submit  that  if 
economy  methods  were  to  be  adopted,  more  especially  for  existing 
locomotives,  the  primary  adoption  should  be  that  of  simple  exhaust- 
steam  feeding.  The  present  Paper  justified  the  adoption  technically, 
while  from  the  commercial  standpoint  the  following  factors  might 
be  advanced ;  the  initial  cost  of  applying  exhaust-steam  feed- 
heating  to  existing  locomotives  would  be  about  one-fourth  that  of 
fitting  superheaters  to  those  locomotives ;  depreciation  and  repairs 
would  be  in  about  the  same  ratio,  while  the  coal  economies  would 
be  in  the  ratio  of  3  to  4. 

He  quite  appreciated  that  eminently  satisfactory  results  were 
being  obtained  by  superheating,  but  his  contention  was  that  the 
true  line  of  progress  was  to  feed-heat  first  and  superheat  afterwards  ; 
in  other  words,  to  adopt  the  easiest  and  most  profitable  method 
before  proceeding  to  what  might  be  termed  a  higher  degree  of 
refinement.  From  experience  he  was  justified  in  saying  that,  from 
the  point  of  view  of  manipulation — and  he  thought  Mr.  Bowen 
Cooke  would  agree  with  him — a  pump-fed  locomotive  boiler  was 
superior  to  an  injector-fed  boiler.  The  authors'  experience  was 
interesting  as  corroborating  his  own,  that  drivers  greatly  appreci.atcd 
the  extra  fiexibility  of  feed  obtained  with  the  pump.  In  many 
cases,  that  had  enabled  a  lower  water-level  to  be  carried,  with 
consequent  improvement  in  the  dryness  of  the  steam  generated, 
while  the  fitting  of  the  pump  entirely  did  away  with  the  possibility 
of  drowning  the  boiler  at  a  critical  period. 

With  regard  to  the  (question  of  reliability  and  risks  of  breakdown, 
tiie  two  sources  of  failure  were  possibly  the  failure  of  heater  tubes 
and  the  failure  of  the  pump.  J5y  the  use  of  suitable  material  and 
tube    section,  the   failure    of    heater    tubes   could    be    eliminated, 


April  1913.      LOCO.   SUPERHEATING   AND   FEED-WATER   HEATING.  435 

excepting  perhaps  where  the  water  was  bad.  In  a  flue-gas  heater, 
tube  troubles  were  much  more  likely  to  occur,  and  in  that  connection 
he  would  like  to  ask  the  authors  what  proportion  of  the  upkeep 
cost  referred  to  was  due  to  the  exhaust-steam  portion  of  the  heater 
and  to  the  flue-gas  portion.  The  conditions  under  which  the  feed- 
pump had  to  work  were  somewhat  exacting.  It  could  have  no 
attention  on  the  road,  and  it  had  to  vary  its  speed  through  a  very 
wide  range  to  be  able  to  start  immediately  the  steam,  was  taken  off. 
Recent  experience  had  shown,  he  thought,  that  a  satisfactory  gear 
was  available  for  working  under  those  conditions. 

Mr.  John  W.  Smith  (G.C.R.)  agreed  with  Mr.  Hughes  that 
there  was  a  great  deal  expressed  in  the  first  paragraph  of  the 
Paper.  The  whole  of  the  power  required  by  an  engine  had  to 
be  taken  from  the  coal  through  the  medium  of  the  boiler,  and  all 
locomotive  engineers  knew  the  conditions  their  locomotives  were 
called  upon  to  fulfil — the  hauling  of  heavier  trains  for  long  distances 
and  the  keeping  of  faster  time — had  necessitated  heavier  engines 
wath  larger  boilers,  and  it  became  necessary  to  consider  the  merits 
of  every  arrangement  that  was  likely  to  improve  the  efiiciency  of 
the  machine  in  relation  to  the  coal  and  water  consumed.  The 
subjects  dealt  with  in  the  Paper  were  two  which  were  interesting  to 
all  locomotive  engineers,  especially  at  the  present  time.  Feed- water 
heaters  and  steam-superheaters  were  both,  in  various  forms,  being 
tried  to  bring  about  economies,  and,  from  the  authors'  point  of  view 
for  decreasing  the  work  the  boiler  had  to  perform  and  to  increase 
its  efficiency. 

The  authors  stated  (page  368)  "  if  part  of  the  exhaust  steam  be 
efficiently  employed  in  raising  the  feed  to  temperatures  approaching 
the  maximum,  its  utilization  in  this  manner  is  productive  of  more 
economical  working  than  its  use  in  tlie  blast  would  be,  in 
maintaining  a  higher  smoke-box  vacuum."  He  would  like  to  ask 
first,  why  it  was  necessary  to  have  a  higher  smoke-box  vacuum  than 
was  needed  to  keep  steam.  All  locomotive  engineers  were  well 
aware  that,  in  proportion  to  its  size,  the  locomotive  boiler  raised  more 
steam  in  a  given  time  than  any  other  type  of  boiler.     This  increased 

2  H  2 
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steaming  capacity  of  the  locomotive  boiler  was  chiefly  brought  about 
by  the  action  of  exhaust-steam  from  the  engine  passing  through 
the  blast-pipe  and  chimney.  The  object  of  the  blast-pipe  was  for 
the  purpose  of  keeping  steam,  and  he  thought  in  a  properly  designed 
engine  the  size  of  the  blast-pipe  nozzle  could  be  so  fixed  that  there 
was  very  little  steam  going  to  waste  ;  that  is  to  say,  practically  the 
whole  of  the  exhaust-steam  power  was  required  to  maintain  the 
steam-pressure  in  the  boiler.  Some  years  ago  the  Great  Central 
Railway  Company  had  been  interested  in  trying  to  do  away  with  the 
blast-pipe  altogether,  and  he  had  had  the  good  fortune  to  go  to 
France  and  other  places  in  order  to  make  inquiries  and  see  what 
could  be  done  in  that  direction.  He  found  out  that  a  French 
engineer,  M.  Farcot,  had  invented  a  fan  for  the  purpose,  which  was 
being  tried  on  one  of  the  French  railways ;  the  arrangement  was 
workable,  but  besides  occupying  considerable  space  it  appeared  to 
him  to  be  difficult  to  stop  the  fan  satisfactorily  when  the  engine  was 
running  without  steam,  and  to  get  the  hot  gases  through  quickly 
enough.  He  made  some  calculations  to  find  out  what  power  was 
required  to  drive  a  fan  in  order  to  replace  the  blast-pipe,  and 
quoting  from  memory,  he  thought  that  on  an  average  it  required 
over  40  h.p.  It  would  therefore  be  seen  that  the  blast-pipe 
arrangement  formed  a  very  important  part  of  the  locomotive,  and 
without  it  the  boiler  would  not  maintain  steam.  Still  following 
up  his  inquiries,  he  met  Mr.  S.  C.  Davidson,  of  the  Sirocco  Works, 
Belfast,  who  informed  him  that  he  had  been  experimenting  in  the 
same  direction  in  conjunction  with  some  English  engineers,  and 
Mr.  Davidson  strongly  advised  him  not  to  try  a  fan  on  locomotives, 
as  the  result  of  his  experiments  led  him  to  the  conclusion  that  the 
usual  blast-pipe  arrangement  common  to  all  locomotives  was  as 
simple  an  arrangement  as  one  could  desire,  and  for  efficiency  it 
would  ]>e  difficult  to  beat.  The  fans  he  (the  speaker)  had  made  had 
been  abandoned. 

There  were  two  ways  of  getting  heat  for  the  feed-water  heater ; 
first  of  all  there  was  the  exhaust  steam,  and  secondly  the  waste 
gases,  lleturning  for  a  moment  to  the  subject  of  exhaust  steam,  it 
had  to  bo  borne  in  mind  that  the  size   of  the  blast-pipe  nozzle  had 
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to  be  designed  to  suit  the  various  kinds  of  coal  that  might  be  used. 
Mr.  Bowen  Cooke  and  other  engineers  knew  well  that  the  best  coal 
was  not  always  put  on  a  locomotive  tender,  and  therefore  some 
margin  had  to  be  allowed  on  the  size  of  the  blast-pipe  nozzle,  in 
order  to  obtain  steam  with  an  inferior  class  of  coal  that  might  have 
to  be  burnt  from  time  to  time.  It  followed  that,  with  good  coal, 
there  would  be  a  little  more  exhaust  power  than  was  necessary  to 
keep  steam  in  the  boiler,  leaving  some  to  spare  for  feed-water 
heating.  Under  these  conditions,  it  seemed  to  him  that  the  very 
old  device,  which  he  first  saw  used  on  engines  built  by  the  late 
Mr.  Fletcher  for  the  North  Eastern  Railway,  of  having  a  valve, 
known  as  a  "  Jonathan  "  valve,  on  the  cylinder  steam-chest,  with  a 
connecting  pipe  leading  into  the  water-tank,  was  a  very  useful  and 
simple  arrangement.  When  the  engine  fitted  with  this  device  was 
making  steam  freely,  the  valve  was  opened  as  required,  and  part  of 
the  exhaust  steam  used  to  heat  the  water  in  the  tender,  the 
temperature  of  the  water  being  kept  below  the  working  limit  of 
the  injectors.  In  this  way  a  certain  amount  of  heat  was  utilized, 
which  would  otherwise  have  been  lost.  Apart  from  these  simple 
arrangements,  it  seemed  to  him  (Mr.  Smith)  it  was  only  necessary 
that  the  blast-pipe  should  be  made  to  suit  the  requirements  of  the 
boiler,  and  he  did  not  see  why  it  was  necessary  to  go  in  for  a 
complicated  feed- water  heater  which  lasted  for  about  63,000  miles. 
It  was  well  known  that  some  locomotive  engines  ran  that  distance 
in  about  nine  months,  which  of  course  meant  a  renewal  of  the 
feed-water  heater  in  this  time.  He  would  like  to  ask  the  authors 
whether  the  blast-pipe  nozzle  to  obtain  the  results  given  in  the 
Paper  was  not  smaller  than  it  otherwise  need  have  been,  and 
whether  they  considered  the  savings  were  not  largely  neutralized 
by  prime  cost  and  upkeep  in  conjunction  with  the  complications  of 
the  feed-water,  and  the  obstruction  which  it  caused  in  the 
smoke-box. 

With  regard  to  the  waste  gases,  it  was  quite  clear  from  the 
diagram  on  page  346  that  the  greatest  loss  was  due  to  unburnt 
fuel.  The  exact  amount,  of  course,  depended  on  how  much  coal 
was  burnt  per  square  foot  of  grate  per  hour.     It  seemed  to  him 
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that  there  was  some  outlet  in  that  direction  for  taking  advantage 
of  something  which  was  at  present  lost.  As  to  the  loss  in  waste 
gases,  he  thought  that  the  best  way  to  utilize  that  would  be  with  a 
superheater,  and  most  of  the  British  railways  were  at  the  present 
time  trying  superheaters.  The  Great  Central  Railway  had  a  large 
number  of  engines  fitted  with  superheaters,  and  the  fitting  and 
upkeep  was  not  found  to  be  a  serious  matter,  and  certainly  great 
economies  were  obtained.  He  had  experimented  with  engines 
some  years  ago,  and  recorded  a  smoke-box  temperature  of  1,000°  F., 
but  that  was  not  usual.  This  high  temperature  was  obtained  when 
working  a  heavy  train  up  a  steep  gradient,  going  west  out  of 
Birmingham  on  the  Midland  Railway,  with  the  engine  in  full  gear, 
steam  was  being  exhausted  at  high  pressure,  and  the  smoke-box 
vacuum  was  extreme.  The  normal  smoke-box  temperature  was 
only  from  600°  to  700°  F. 

With  regard  to  the  degree  of  superheating,  his  Company's 
experience  had  been  that  the  economy  increased  as  the  temperature 
of  the  superheated  steam  rose,  and  so  far  as  could  be  gathered 
at  present,  the  maximum  workable  temperature  would  be  reached 
when  lubrication  troubles  and  gland  difficulties  commenced.  At 
630°  and  650°  F.,  temperatures  which  were  obtained  by  Mr. 
Robinson's  superheaters  on  the  Great  Central  Railway,  no  trouble 
whatever  was  experienced.  He  did  not  know  how  near  they  were 
to  the  breaking-down  point,  but  certainly  at  these  temperatures 
they  had  no  trouble. 

The  authors  seemed  to  make  a  point  that  there  was  a  gain  by 
using  a  pump  instead  of  an  injector.  He  admitted  that  they  gave 
figures  which  went  to  prove  that,  but  he  could  not  quite  realize 
them.  The  steam  for  feed-water  heating  was  oiiginally  obtained 
from  the  boiler,  and  then  steam  had  to  be  taken  from  the  boiler  to 
work  the  pump  in  order  to  put  water  into  tlio  boiler.  Was  the 
pump  a  more  efficient  piece  of  apparatus  than  the  injector?  He 
had  .always  understood  a  pump  was  used  chieffy  to  deal  witli  water 
at  high  temperatures,  althougli  in  the  Paper  it  stated  in  most  cases 
the  feed-water  hcat(;r  was  pla(M!(l  ))etween  the  pump  ;ind  the 
boiler. 
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Mr.  Cowan,  interposing,  said  that  this  was  done  in  all  cases. 

Mr.  John  W.  Smith,  continuing,  said  he  could  not  quite  see  where 
the  advantage  lay  in  using  a  pump  as  compared  with  the  injector. 
He  quite  agreed  that  the  pump  might  be  made  to  respond  a  little 
better  to  the  fireman's  wishes,  but  still  with  the  very  good  injectors 
that  could  be  obtained,  either  a  very  small  quantity  or  the  maximum 
quantity  of  water  could  be  thrown  with  very  little  trouble. 

Mr.  W.  A.  Lelean  said  he  could  not  but  admire  the  courage  of 
the  first-named  author  of  the  Paper  who  had  taken  upon  himself 
the  task  of  introducing  a  somewhat  novel  form  of  superheater.  As 
other  locomotive  engineers  might  be  thinking  of  introducing  the 
same  type,  he  thought  it  would  be  interesting  if  he  gave  the 
conclusion  at  which  his  firm  (Messrs.  Rendel,  Palmer,  and  Tritton) 
had  arrived,  in  considering  the  sending  of  locomotives  to  India, 
which  were  as  follows  : — 

With  reference  to  type — in  spite  of  the  success  and  the  perfection 
which  the  author  had  reached  after  fourteen  years'  of  pioneer  work 
— there  seemed  a  consensus  of  opinion  that  the  smoke-tube  type 
was  more  satisfactory  on  the  whole.  Briefly,  the  other  conclusions 
were : — 

(a)  That  some  form  of  automatic  damper  gear  was  desirable 
to  avoid  burning  the  "  elements,"  especially  when 
lighting  up. 

(h)  That  steam-pipes  for  the  superheated  steam  must  be  of 
steel,  solid-drawn,  and  with  steel  flanges  screwed  on 
and  riveted  over,  or  welded  on. 

(c)  That  piston-valves  were  desirable  and  were  used  almost 
universally,  and  that  their  use  made  by-pass  valves 
desirable  to  prevent  knock  at  low  speeds. 

{(i)  That  forced-feed  lubrication  was  also  almost  universal  in 
this  country,  whereas  sight-feed  was  almost  equally 
universal  in  America,  and  that  one  large  British  line 
at  least  was  using  nothing  but  sight-feed  lubricators. 


440  LOCO.    SUPERHEATING    AND    FEED-WATER    HEATING.      APRIL  1913. 

(Mr.  W.  A.  Lelean.) 

He  thought  it  might  be  further  interesting  to  know  the  general 
effect  they  had  found  from  adding  a  smoke-tube  type  of  superheater 
to  a  standard  design  of  locomotive.  Taking  a  0-6-0  engine 
weighing  about  47  tons,  the  superheater  added  about  1  *  3  ton,  .and 
the  difficulty  arose  through  most  of  this  weight  coming  at  the  front 
end.  The  matter,  however,  worked  out  simply  in  practice,  as  by 
inserting  a  cast  steel  distance-piece  between  the  cylinder  flange  and 
front  tube-plate,  thereby  carrying  the  boiler  back  6  inches  relatively 
to  the  frames,  the  weights  on  the  wheels  were  satisfactorily 
redistributed.  It  was  thus  found  possible  to  make  the  engine,  with 
its  frame  and  all  its  details,  practically  to  duplicate  with  engines  of 
the  same  type  working  with  saturated  steam.  The  boiler  in  the 
same  way  was  made  to  duplicate  except  for  the  actual  flue-tubes 
and  tube-plates  and  the  damper  fittings,  etc.  The  cost,  therefore, 
of  fitting  a  superheater  to  a  standard  engine  appeared  one  that 
could  be  easily  estimated.  At  the  same  time  from  their  experience 
the  actual  cost  seemed  to  suggest  that  100  per  cent,  had  to  be 
added  to  the  preliminary  estimate. 

A  point  which  had  struck  him  very  much  in  the  discussion  was 
the  remark  of  Mr.  Hughes,  who  had  stated  so  emphatically  that 
the  introduction  of  the  superheater  on  the  locomotive  had  not 
added  to  the  cost  of  upkeep.  In  that  connexion  his  (Mr.  Lelean's) 
firm  had  found  in  every  case  that  they  had  been  able  to  reduce 
the  boiler  pressure  20  lb.  per  square  inch  by  the  introduction  of 
a  superheater.  From  that  alone  they  expected  a  very  material 
saving  in  repairs,  as  an  offset  against  the  capital  cost  of  instjilling 
the  superheater.  As  indicating  the  economy  to  be  expected  in  the 
upkeep  of  the  boiler,  they  had  found  that  in  actual  practice  on  a 
particular  railway,  the  life  of  fire-boxes  of  boilers  working  at  180  lb. 
per  square  inch  was  roughly  three  years,  at  160  lb.  pressure  fire- 
V)oxes  lasted  six  years,  whereas  in  some  of  the  older  boilers,  in 
(constant  service,  but  working  at  140  lb.  pressure  only,  ten  years' 
life  could  be  got  out  of  tlio  fire-boxes.  In  tliat  connexion,  therefore, 
he  thought  it  would  be  a  valuable  contribution  to  tho  information 
of  the  Institution  if  Mr.  Hughes  could  say  how  far  the  balance  had 
been  struck  between  saving  in  boiler  upkeep  and  possible  loss  in 
wear  and  tear  elsewhere. 
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Mr.  H.  N.   Gresley  (G.N.R.)   said   there   was   one   point   on 
page    358    to    which    he   would    like    to    draw   attention.      The 
conclusion  come  to  by  the  authors  was  that  "  as  regards  efficiency 
of  steam  generation,  the  combination  of  the  waste-gas  superheater 
and  boiler  ranks  first."     He  did  not  think  a  locomotive  could  be 
considered  from  the  point  of  view  of  the  boiler  only ;  it  had  to  be 
considered  from  the  point  of  view  of  the  boiler  plus  the  engine. 
It  was  true  that  better  thermal  efficiency  would  be  obtained  out  of 
a   boiler   which    was   of    the    ordinary   type    with    a    smoke-box 
superheater,  but  the  low  degree  of  superheat  obtained — 90°  F. — 
only  increased  the  volume  of  the  steam  by  something  about  10  per 
cent.     With  a  high  degree  superheat  of  200°  F.,  the  volume  of  the 
steam  was  increased  by  25  per  cent. ;  and  on  the  Great  Northern 
Railway  he  had  had  some  experiments  made  on  engines  of  which 
the  steam  was  superheated  up  to  300°  F.     At  the  present  time  he  had 
engines  running  at  700°  F.  temperature,  and  so  far,  although  they 
had  been  running  for  some  considerable  time,  no  trouble  whatever 
had  been  experienced  with  the  lubrication.     Therefore  he  thought 
the  remarks  of  Mr.  Smith  (page  438)  about  630°  F.  being  the  limit 
which  they  had  tried,  and  which  Mr.  Smith  thought  was  rather 
near  the  maximum,  were  rather  on  the  low  side,  because  the  higher 
the  steam  was  superheated  the  greater  the  volume  was  increased. 

With  regard  to  exhaust  injectors,  it  was  stated  in  the  Paper 
that  there  was  an  economy  of  9  per  cent.  He  thought  Mr.  Hughes 
had  said  that,  so  far  as  the  Lancashire  and  Yorkshire  Railway  was 
concerned,  they  had  not  been  able  to  get  so  good  a  result.  He 
(Mr.  Gresley)  could  confirm  Mr.  Hughes'  remarks,  because,  although 
there  was  an  economy,  so  far  as  the  Great  Northern  Railway  was 
concerned,  they  had  not  been  able  to  get  anything  like  9  per  cent, 
from  exhaust- steam  injectors. 

With  regard  to  dampers,  he  believed  they  could  be  abolished 
altogether  on  superheater  engines,  provided  some  means  were 
employed  of  preventing  the  elements  getting  too  hot.  That  could 
be  done  by  putting  the  snifting-valve  on  the  saturated  side  of  the 
header,  so  that  directly  the  steam  was  shut  ofl',  the  cold  air  was 
drawn   in    through    the    elements,   keeping    them    from    getting 
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overheated.  The  air  itself  was  heated,  which  prevented  the  cylinder 
from  getting  cold.  The  result  was  that  when  the  steam  was  turned 
on  again,  one  did  not  get  the  condensation  which  one  would  get  if  a 
damper  was  used  and  the  superheated  elements  got  cold. 

In  conclusion,  he  would  say  that  if  an  engine  was  fitted  up  with 
an  experimental  apparatus,  his  experience  had  been  that,  whilst  it 
was  watched,  good  economies  would  be  obtained,  but  that  after  it 
was  allowed  to  take  its  chance  with  all  the  other  engines,  such 
economical  results  were  very  seldom  maintained ;  in  fact,  generally 
speaking,  they  were  very  disappointing.  He  had  had  an  example 
of  that  with  two  engines  which  were  put,  for  three  months'  service, 
on  to  two  or  three  regular  trains  in  order  to  try  the  comparative 
combustion.  The  engines  were  superheated,  and  they  ran  the 
trains  for  three  months.  They  had  a  long  mileage  which  was 
favourable  to  a  low  consumption  per  train-mile,  and  the  result  was 
something  like  30  lb.  per  mile.  Those  engines  were  sent  out  with 
the  other  engines  and  allowed  to  take  their  chance,  and  the 
consumption  immediately  rose  to  40  lb.,  and  he  believed  that  was 
about  a  fair  figure.  The  point  of  his  remark  was  that  too  much 
reliance  could  not  be  placed  upon  experiments  with  locomotives 
which  had  been  too  closely  watched. 

Mr.  A.  J.  Hill  (G.E.R.)  said  that  the  authors  had  brought 
prominently  to  the  notice  of  locomotive  engineers,  questions  which  it 
was  necessary  they  should  pay  attention  to  in  order  to  effect  economies. 
In  this  connexion,  he  might  mention  that  his  general  manager  was 
not  of  the  typo  to  which  a  previous  speaker  had  referred,  as  he 
looked  for  economy  as  well  as  punctuality  of  the  trains.  The  price 
of  coal  was  such  that  at  present  it  was  desira])lo  to  experiment  with 
any  apparatus  in  their  locomotives  which  might  lead  to  a  reduced 
consumption  of  fuel. 

Thoio  wore  a  few  points  on  whicli  he  would  like  to  ask  for 
information.  One  was  that  to  which  Mr.  Gresley  liad  just  referred, 
on  page  358,  namely,  "  As  regards  elliciency  of  steam  generation, 
therefore,  tlie  com})inatiori  of  the  waste-gas  superheater  and  boiler 
ranks  first.     Probably  the  ordinaiy   t)oiler   ranks  second  and  the 
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high- degree  smoke-tube  superheater  boiler  third,  but  this  does  not 
appear  yet  to  have  been  definitely  determined ;  it  is  possible  their 
relative  positions  are  not  the  same  at  all  powers.  Last  of  all  stands 
the  moderate-degreej smoke-tube  superheater  boiler."  He  could  not 
quite  follow  the  order  of  the  efficiency  which  was  put  down  by 
the  authors,  and  he  quite  agreed  with  Mr.  Gresley  that  the 
efficiency  of  the  engine  as  a  whole  had  to  be  taken  and  not  the 
efficiency  only  of  the  boiler  as  a  steam  generator. 

The  authors  stated  (page  376)  that  "  when  high-degree  feed- 
heating  is  combined  with  superheating,  the  superheating  is  reduced, 
but  to  Avhat  extent  is  yet  uncertain."  He  was  not  quite  clear  what 
the  authors  meant  by  that,  and  he  did  not  follow  that  it  was 
a  necessity  for  the  superheat  to  be  reduced  in  consequence  of  the 
adoption  of  feed-heating.  In  his  opinion  it  was  quite  possible  for 
the  two,  namely,  feed-heating  and  superheating,  to  be  effectively 
arranged  without  the  one  interfering  with  the  other. 

The  authors  further  said,  "  Also,  superheater  engines  are 
commonly  fitted  with  piston -valves,  to  which  part  of  their 
performance  should  rightly  be  credited,  instead  of  the  improvement 
being  wholly  imputed  to  the  superheating  system."  He  (the 
speaker)  was  experimenting  with  superheater  engines  fitted  in  the 
one  case  with  slide-valves  and  in  another  case  with  piston-valves. 
He  knew  that  to  some  extent  he  was  singular  in  that,  but  he 
thought  Mr.  Hughes  was  also  continuing  to  do  the  same  in  some 
circumstances.  Although  the  speaker  admitted  that  piston-valves 
were  more  suitable  in  some  ways,  he  was  not  yet  satisfied  that  it 
was  necessary  in  all  cases  to  adopt  them,  particularly  where  it 
meant  to  some  extent  the  re-designing  of  the  engine  and  the 
putting  in  of  new  cylinders.  It  might  pay  to  fit  the  engines  with 
superheaters  and  retain  the  old  cylinders  with  the  "  D  "  valve,  and 
in  that  connection  he  had  been  looking  into  the  question  of  the 
comparative  results  from  piston-valves  and  slide-valves.  He 
thought  at  the  most  it  could  not  be  suggested  that  more  than 
from  1  to  IJ  per  cent,  saving  was  due  to  the  piston- valves. 

He  desired  to  say  one  word  in  connexion  with  Mr.  Churchw\ard's 
remark  as  to  a  trial  engine,  following  what  Mr.  Bowen  Cooke  had 
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said.  He  quite  cappreciated  that  there  would  be  many  advantages 
accruing  if  some  such  experiment  was  carried  out;  but  as  Mr. 
Bo  wen  Cooke  hinted,  there  were  great  difficulties  in  the  way,  one 
of  which — at  any  rate  one  with  which  he  would  have  to  contend — 
was  the  question  of  load.  Unfortunately  all  railways  were  not  so 
favourably  situated  as  the  Great  Western  and  the  London  and 
North  Western  Railways  were,  and  he  thought,  until  permanent- 
way  engineers  arrived  at  a  definite  agreement  with  regard  to  the 
weights  of  engines  which  they  would  allow,  any  such  experiment 
would  be  exceedingly  difficult  to  carry  out  and,  if  carried  out, 
the  results  obtained  would  not  be  truly  comparable. 

Mr.  W.  A.  Stanier  (G.W.R.)  said  that  two  points  had  struck 
him  in  reading  through  the  Paper.  He  did  not  think  the  size  of 
the  cylinders  and  the  size  of  the  blast-pipes  on  either  of  the 
engines  had  been  mentioned,  and  that,  he  thought,  had  a 
considerable  bearing  on  the  steaming  capacity  of  the  boiler.  He 
believed  it  was  generally  found  that  the  size  of  the  blast-pipe  had 
to  be  reduced  when  superheated  steam  was  used,  and  usually  the 
top  of  the  blast-pipe  had  to  be  set  lower.  He  quite  agreed  with 
one  speaker's  remark  that  "  he  preferred  to  keep  the  smoke-box 
clear."  The  practice  on  the  Great  Western  Railway  was  to  keep 
the  smoke-box  arrangements  as  simple  as  possible.  An  old  saying 
of  a  driver  was  that  *'  unless  the  fire  burned  bright  under  the  door, 
his  engine  would  not  steam."  To  ensure  the  fire  burning  bright 
under  the  door,  the  blast  should  pull  on  the  bottom  tubes,  and  it 
seemed  to  him  that  if  the  bottom  of  the  smoke-box  was  blocked 
up  with  a  feed-water  heater,  or  any  other  arrangement,  some 
difficulty  would  be  experienced  in  keeping  the  fire  bright  under 
the  door. 

Nothing  had  been  said  in  the  Paper  about  the  effect  on 
lubriciition  of  tlie  superheated  steam  with  the  smoke-box 
superheater  as  used  on  the  Egyptian  Stjito  Railways.  The 
temperature  of  the  superheated  steam  had  a  considerable  eftect 
on  lubrication,  if  it  was  at  a  high  temperature.  So  far  as  the 
Great  Western  Railway  experience  went,  it   required  some  agent 
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or  some  special  arrangement  to  spread  the  oil.  He  did  not  think 
the  trouble  was  that  the  temperature  of  the  steam  affected  the  oil, 
but  the  difficulty  was  in  spreading  it.  He  would  like  to  know  if 
the  authors  could  give  any  information  on  that  point. 

Another  point  which  Mr.  Hill  had  raised  (page  443)  was  with 
regard  to  the  ordinary  slide-valve  for  superheated  steam.  The 
Great  Western  Railway  had  fitted  a  number  of  their  older  classes 
with  superheated  steam,  and  these  engines  all  had  flat  valves.  One 
of  the  main  troubles  was  with  the  bronze  of  the  valves  when  the 
superheating  was  at  a  high  temperature,  but  otherwise,  with  the 
superheating  at  a  moderate  temperature,  no  trouble  was 
experienced.  He  desired  to  express  his  appreciation  of  the 
theoretical  and  practical  way  in  which  the  Paper  had  been 
presented  to  the  Members. 

Mr.  P.  J.  Cowan,  in  reply  to  the  discussion,  thanked  the 
members  on  behalf  of  Mr.  F.  H.  Trevithick  and  himself,  for 
the  kindly  reception  accorded  to  the  Paper.  That  reception  had 
been  the  more  gratifying  to  the  authors,  because,  when  the  Paper 
had  been  prepared,  the  opinion  had  been  expressed  to  them  in 
Westminster  that,  as  it  dealt  largely  with  work  in  Egypt,  it  was 
not  likely  that  it  would  be  considered  worthy  of  much  attention  at 
home,  but  might  arouse  interest  in  countries  still  farther  afield, 
such,  for  instance,  as  Australia.  The  thoroughly  representative 
character  of  the  discussion  satisfied  them  that  they  had  been 
correct,  however,  in  their  opinion  that  the  subject  was  worthy  of 
much  wider  attention  than  had  thus  been  suggested  to  them. 

Mr.  Churchward  had  raised  a  point  (page  406)  fundamental  to 
the  correctness  of  the  deductions  made  in  the  Paper  when  he  had 
argued  that  Fig.  2  (page  347)  showed  too  great  a  loss  in  unburnt 
coal  and  that  a  loss  on  this  account  of  5  cwt.,  which  amount  he 
appeared  to  have  figured  out  from  the  Paper,  for  a  run  from 
London  to  Plymouth,  would  be  excessive.  Fig.  2  was  based  on 
one  of  the  series  of  the  St.  Louis  tests ;  it  was  Fig.  1  converted. 
In  1906  at  the  close  of  a  Paper  which  he  read  before  that 
Institution,    Mr.    Churchward    had     recommended     members    to 
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procure  and  study  the  report  on  the  St.  Louis  tests,  which,  he 
said,  were  to  his  mind  the  best  that  had  ever  been  made.  If,  after 
the  lapse  of  seven  years,  Mr.  Churchward  now  found  them 
unsatisfactory  in  some  respects,  it  was,  to  use  an  Americanism, 
"  up  to  him  "  to  provide  engineers  with  something  better.  He  was 
the  only  person  in  England  in  a  position  to  do  that,  and  until  he 
did  so  it  was  only  possible  to  make  the  best  of  such  data  as  was 
available,  coming  from  testing  plants  in  America.  The  Great 
Western  Railway  possessed  the  only  testing  plant  in  this  country, 
and  the  authors  considered  it  a  matter  of  regret  that  it  had  not 
been  possible  to  use  that  plant  to  some  extent  at  least  in  the 
same  manner  as  that  belonging  to  the  Pennsylvania  Railroad. 
Locomotive  engineers  had  not  available  for  analytical  purposes  a 
single  series  of  tests  on  a  British  locomotive.  For  all  information 
of  that  kind  they  had  to  rely  on  the  results  obtained  on  the  two 
w^ell-known  American  plants  and  published  in  that  country  so 
unstintingly. 

Mr.  Churchward  had  suggested  building  a  trial  locomotive  out 
of  a  common  fund,  and  other  speakers  had  referred  to  that 
proposal.  It  was  not  for  him  (Mr.  Cowan)  to  say  what  the 
outcome  of  such  a  proposal  might  be,  but  the  difficulties  in  the 
way  were  manifest.  The  authors  put  it  forward,  however,  as 
worthy  of  consideration  that  the  Council  of  the  Institution  might 
do  worse  than  approach  the  Great  Western  Railway  Company,  with 
a  view  to  carrying  out  a  series  of  tests  on  representative  British 
locomotives,  in  the  manner  in  which  the  Institution  now  carried 
out  research  in  other  directions,  but  with  the  difi'erence  that  the 
bulk  of  the  cost  might  be  defrayed  out  of  a  common  fund  such  as 
Mr.  Churchward  had  suggested.  The  results  of  such  an  investigation 
l)y  a  Committee  of  the  Institution  would  be  most  welcome,  and  they 
might  aptly  form  a  basis  for  a  companion  volume,  dealing  with 
British  locomotives,  to  tlie  classical  report  of  the  Pennsylvania 
St.  Louis  tests  of  1904. 

Reverting  again  to  the  losses  shown  in  Pig.  2,  it  had  been 
suggested  to  the  authors  that  tests  more  nearly  representing 
British  conditions  were  to  be  found  among  those  made  by  Dr.  Goss 
with  Youghiogheny  coal.     Mr.  Fry  had  shown  in  Fig.  41  (page  416) 
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the  ditference  which  would   be  made  in  parts  of  their  argument, 
had  the  authors  worked  on  such  a  series  of  tests. 

Youghiogheny  coal  showed  less  loss  in  unburnt  fuel  than  the 
coal  they  had  chosen.  Supposing  for  the  moment  that  tests  with 
that  coal  more  nearly  represented  the  conditions  they  wanted  to 
portray,  a  curve  of  cinder  loss  by  weight,  for  that  coal,  would  be 
found  in  Fig.  6  (page  350).  It  would  there  be  found  that  between 
rates  of  firing  of  80-90  lb.  of  coal  per  square  foot  of  grate  per  hour, 
the  loss  was  something  like  100  lb.  per  hour,  equivalent  to  over 
400  lb.  on  a  run  from  London  to  Plymouth.  Since  the  Great 
Western  Railway  locomotives  were  at  least  40  per  cent,  larger  than 
the  Purdue  engine  on  which  the  tests  of  Fig.  6  were  made,  and  the 
trains  proportionately  heavier  than  the  load  taken  by  an  engine  of 
the  size  of  that  at  Purdue,  the  5  cwt.  loss  which  Mr.  Churchward 
had  arrived  at  did  not  appear  to  be  at  all  unreasonable.  The 
authors  could  not  admit,  however,  that  Youghiogheny  coal  gave 
results  more  in  accord  with  British  conditions.  That  coal  would, 
properly  speaking,  be  regarded  over  here  as  a  gas  coal.  It 
contained  30  per  cent,  of  volatile  matter.  The  coal  used  in  the 
tests  on  which  Figs.  1  and  2  were  based,  closely  resembled,  as 
regards  volatile  matter  and  other  characteristics,  good  Welsh 
steam  coal.  It  was  true  that  it  was  rather  friable,  but  it  had  also 
to  be  remembered  that  a  goodly  proportion  of  the  Welsh  steam 
coal,  as  usually  fired,  was  extremely  small — so  small  indeed  that  a 
large  portion  never  reached  the  grate  at  all.  It  passed  straight 
from  the  shovel  to  the  tubes — a  fact  which  was  not  surprising 
when  the  current  of  air  passing  in  at  the  fire-hole  door  sometimes 
attained,  according  to  Mr.  Henry  Fowler,  a  velocity  of  as  much  as 
65  miles  per  hour.  Mr.  D.  E.  Marsh  had  expressed  very  much 
the  same  thing  of  good  Durham  coal  at  the  recent  discussion  on 
Mr.  Bowen  Cooke's  Paper  on  the  Mechanical  Handling  of  Coal  for 
British  Locomotives.*  There  was  no  doubt  the  loss  was  large,  and 
larger  under  similar  conditions  than  would  have  been  indicated 
by  tests   with    such   a  fuel   as  Youghiogheny  coal.     It  was  quite 

♦  Proceedings  Inst.  C.E.,  1912,  vol,  cxci,  page  178. 
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incorrect  to  inicagine,  as  Mr.  Churchward  had  suggested,  that  a 
display  of  "  fireworks  "  was  a  necessary  accompaniment  of  a  large 
loss  in  unburnt  coal.  The  glowing  cinders  ejected  constituted  an 
extremely  small  proportion  of  the  whole;  the  vast  majority  were 
thrown  out  black,  and  it  was  probably  for  that  reason  that  the 
extent  of  the  loss  was  not  more  widely  appreciated. 

Mr.  Churchward  had  referred  to  the  question  of  weight,  but 
had  not  treated  the  authors'  figures  quite  correctly.  The  ordinary 
smoke-tubo  superheater  involved  additional  weight  for  an  engine 
so  fitted  to  the  extent  of  about  30  cwt.,  yet  that  system  was 
being  commonly  adopted.  That  weight  was  of  course  included 
in  that  given  on  page  381  for  the  additional  weight  of  the  type  C 
arrangement.  The  weight  given  for  the  type  B  arrangement 
included  a  trimming  slab  at  the  trailing  end  of  about  30  cwt. 
Mr.  Lelean  had  mentioned  other  means  of  attaining  the  right  trim, 
and  obviously  that  weight  was  not  always  essential.  It  was 
advantageous  in  the  case  of  the  light  Egyptian  State  Railways 
engines,  as  it  gave  additional  adhesion.  If  the  Great  Western 
Railway  could  run  an  engine,  on  its  road,  like  the  "  Great  Bear," 
it  had  many  other  locomotives  on  which  the  additional  weight 
involved  would  be  immaterial,  while  the  lighter  engines  if  fitted 
would  be  stepped  up  in  capacity.  There  was  no  doubt  that  very 
many  existing  engines  in  this  country  coiild  be  fitted  with  heaters 
without  difiiculty  and  with  improved  results,  while  if  it  became  a 
question  of  new  stock  it  was  only  a  matter  of  designing  an  engine 
inclusive  of  the  weight  of  the  heaters  for  improvement  to  be 
sliown  over  an  equally  lieavy  engine  without. 

Mr.  Cowan  next  dealt  with  a  point  raised  by  Mr.  Hughes 
(page  412),  who  had  compared  the  figure  of  27  per  cent,  economy 
in  Table  3  (page  3G7)  with  the  30*8  per  cent,  recorded  in  Table  5 
(page  372),  and  had  asked  whether  in  view  of  that  slight  difference 
the  additional  complication  involved  by  the  system  giving  the 
latter  figure  was  warranted.  The  authors  pointed  out  on  page  366 
why  tliey  considered  the  figure  of  27  i)er  cent,  recorded  in  Table  3, 
to  err  on  the  high  side.  Engine  No.  711  had  been  kept  in 
first-class    order,  and    coal    had    been  booked  to  it  carefully  as  it 
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liad  been  used  for  tests.  That  had  not  been  the  case  with  the 
majority  of  the  sister  non-heater  engines.  They  were  worked 
under  more  ordinary  conditions  for  which  the  coal  records  in  such 
a  country  as  JEgypt  could  not  pretend  to  extreme  accuracy.  That 
would  tend  to  exaggerate  the  economy  of  the  heater  engine. 
About  20  to    22   per   cent,  was   more  the  figure  for  the  Type  A 

Fig.  47. — CJiart  of  Performance,  4-6-0  type  Engine  ;  Cylinders  24"  x  28" ; 

Blast-jpijpe  top  5^^"  diam. 
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installation.  Again,  it  was  not  permissible  to  compare  the  figures  of 
Table  3  with  those  of  Table  5.  The  former  were  based  on  the  records 
of  the  ordinary  registers ;  the  latter  were  from  carefully  conducted 
tests.  They  covered,  it  was  true,  all  coal  consumption  incidental 
to  service  working,  but  the  coal  in  that  case  was  weighed  very 
carefully  and  used  from  sealed  sacks  as  required,  a  system  which 
gave  much  more  accurate  measurement  than  the  coal  stage  records 
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on  which  Table  3  was  based.  Finally,  the  type  A  arrangement  to 
which  Table  3  referred  was  illustrated  in  Figs.  20-23,  Plate  7,  and 
the  type  B  of  Table  5,  in  Figs.  31-32,  Plate  8.  So  far  from  the 
latter  system  being  the  more  complicated  it  was  the  less  so,  and 
it  had  the  advantage  in  every  sense.  The  heaters  in  the  type  B 
system  w^ere  the  more  efficient,  provided  more  heating  surface  for 

Fig.  ^Q.— Chart  of  Performance,  4-6-0  type  Engine;  Cylinders  23"  x  28"; 

Blast-pipe  top  5^%"  diam. 
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weight  and  liad  immense  practical  advantages.  He  was  afraid 
tliat  the  variety  of  items  dealt  with  in  their  Paper  had  perhaps  led 
to  Mr.  Hughes'  confusion  in  this  respect. 

Several  speakers  had  referred  to  the  question  of  the  blast  and 
the  use  of  part  of  the  (;xhaust  ste.am  for  other  purposes.  The 
authors  had  prepared  three  diagrams.  Figs.  47-49  (pages  449-452),  to 
biing  out  some  points  in  this  connection.     They  were  made  from 


J 


Afkil  1913.     LOCO.    SUPERHEATING    AND   FEED-WATER    HEATING.  451 

figures  in  Mr.  INIacFarland's  Paper,  referred  to  on  page  378,  and 
were,  of  course,  for  American  engines.  The  actual  figures  were  not, 
therefore,  such  as  would  be  expected  in  British  practice,  but  they 
showed  some  interesting  facts.  The  first  diagram.  Fig.  47,  was  for 
a  4-6-0  type  engine  on  a  fast  stopping-schedule.  The  curves 
showed  back-pressure  h.p.,  draw-bar  h.p.,  i.h.p.,  and  mean 
effective  pressure.  The  back-pressure  h.p.  curve  was  calculated 
on  pressures  in  the  exhaust  cavity  of  the  valve.  It  would  be 
seen  that  in  that  case  at  a  speed  of  43  miles  per  hour  the  back- 
pressure curve  crossed  the  draw-bar  h.p.  curve.  At  the  point  of 
maximum  i.h.p.,  at  32  miles  per  hour,  about  700  h.p.  appeared  at 
the  draw-bar,  while  370  h.p.  was  lost  in  back-pressure.  If  the 
exhaust  were  free  to  the  atmosphere,  if  that  were  possible — he 
(Mr.  Cowan)  was  not  embarking  on  a  discussion  of  the  fan 
proposition  raised  by  Mr.  Smith — then,  with  a  back-pressure  of 
not  more  than  4  lb.  per  square  inch,  the  back-pressure  h.p.  would 
be  brought  down  to  the  dotted  line  shown.  Such  conditions  would 
mean  a  correspondingly  large  increase  in  the  draw-bar  h.p.  and  in 
the  i.h.p.  developed,  as  also  shown  by  dotted  line  curves  in  Fig.  47. 
The  maximum  point  of  the  i.h.p.  curve  would  then  be  at  52  miles 
per  hour,  and  the  draw-bar  h.p.  at  that  point  would  be  increased 
122  per  cent.  Fig.  48  showed  curves  for  a  similar  engine,  but  with 
cylinders  1  inch  smaller  in  diameter  and  a  blast-pipe  top  l  inch 
larger  in  diameter,  the  steam  exhausted  per  square  inch  of  blast- 
pipe  top  being  therefore  less.  The  back-pressure  h.p.  loss  was  a 
great  deal  less  in  this  case,  and  the  two  curves  of  draw-bar  h.p. 
and  back-pressure  h.p.  did  not  meet  until  a  speed  of  58  miles  per 
hour  was  reached.  There  would  again  be  a  large  increase  of  power, 
as  shown,  if  the  back-pressure  could  be  reduced  to  4  lb. 

The  third  diagram,  Fig.  49,  showed  a  set  of  curves  for  a  Mallet 
compound.  The  engine  was  not  quite  similar  to  that  illustrated 
in  Mr.  Fry's  remarks.  Fig.  42  (page  419),  but  one  in  which,  in 
addition  to  the  boiler  proper,  the  boiler  arrangement  included  a 
reheater  and  superheater,  with  a  feed-water  heater  section  in  the 
front  portion  of  the  barrel.  In  this  case  the  loss  in  back-pressure 
h.p.  was  simply  enormous,  and  if  it  were  possible  again  to  reduce 
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the  back-pressure  to  4  lb.,  the  maximum  point  on  the  draw-bar  h.p. 
curve  would  go  up  from  15  to  18  miles  per  hour,  a  very  considerable 
increase  in  speed  for  the  service  those  engines  were  in,  with  a  very 
appreciable  increase  in  power  at  the  same  time.  The  back-pressure 
h.p.  curve    met   the  i.h.p.  curve   at    28   miles  per  hour.     With  a 

Fig.  49. — Chart  of  Performance  of  a  Mallet  Com;pound  Engine. 
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back-pressure    of  only    4  lb.,    the  power  at  the  draw-bar,  at  that 
speed,  would  be  more  than  doubled. 

Those  curves  emphasized  the  great  benefit  of  large  nozzles  and 
low  back  [)ressures,  conditions  whicli  were,  of  course,  known  by 
iJritisli  engineers  to  Ikj  advantageous.  Tlio  systems  described  in 
the  Paper  all  made  for  imi)rovement  in  that  direction.  Not  only 
were  the  nozzles  of  the  lieator  engines  actually  appreciably  larger 
than  for  the  standard  non-heater  engines  (the  actual  sizes  were 
given  on  pjiges  378-9),  ])ut   in  addition  a  portion  of  the  exhaust 
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steam  was  abstracted  from  the  blast-pipe  for  other  purposes,  and 
there  was  therefore  a  corresponding  additional  virtual  enlargement 
as  they  had  pointed  out,  and  as  had  been  elaborated  upon  by 
Mr.  Wingfield.  The  matter  had  also  to  be  looked  at  from  another 
standpoint.  The  blast-pipe  was  not  an  efficient  contrivance  for 
doing  work.  Mr.  MacFarland  in  his  Paper  had  shown  how  great 
an  amount  of  power  might  be  lost  in  the  form  of  back-pressure  h.p. 
in  creating  the  necessary  vacuum  in  the  smoke-box  to  draw  the 
gases  through  the  boiler  tubes.  In  one  case,  for  instance,  he  had 
calculated  that  25  h.p.  would  suffice  to  do  that,  but  the  actual 
power  lost  was  no  less  than  550  back-pressure  h.p.,  showing  an 
efficiency  for  the  blast,  as  a  contrivance  for  doing  that  work,  of 
about  5  per  cent.  Not  all  that  power  was  lost  on  account  of 
having  to  overcome  the  resistance  in  the  boiler  tubes ;  some  of  it 
went,  in  the  cases  cited,  in  overcoming  that  due  to  the  diaphragm 
and  spark  arrester  in  the  smoke-box.  In  some  cases  quoted  by 
Mr.  MacFarland  the  excess  of  power  developed  over  work  done  was 
2,300  per  cent. 

If  part  of  the  exhaust  steam  were  withdrawn  and  used  effectively 
for  feed-heating,  instead  of  being  put  to  use  at  such  low  efficiencies 
as  those,  it  would,  by  heat  transference  direct,  yield  its  equivalent 
in  work  in  a  system  which  might  be  arranged  to  have  an  efficiency 
of  70  to  80  per  cent.  Therefore  the  systems  described  in  the  Paper 
not  only  relieved  the  engine  by  making  it  freer,  but  substituted  a 
very  much  better  method  of  utilizing  part  of  the  exhaust  steam. 
Mr.  Smith  appeared  to  be  labouring  under  a  misapprehension,  with 
regard  to  the  authors'  statement  on  page  368.  Nobody  wanted  a 
higher  smoke-box  vacuum  than  would  maintain  steam,  but  in  the 
non-heater  Egyptian  State  Railways  engines  a  6-inch  vacuum  was 
necessary  for  this  purpose,  compared  with  one  of  2  to  3  inches  in 
the  heater  engines.  The  conclusion  was  obvious.  If,  by  doing 
part  of  the  boiler's  work  by  waste  products  in  the  heaters,  it  was 
possible  to  work  with  a  low  vacuum  instead  of  a  higher  one,  the 
engine  would  be  relieved  of  back- pressure.  The  authors  had 
clearly  stated  that  the  blast-pipe  tops  were  actually  increased,  while 
the  virtual  increase  achieved  was  still  larger.    The  systems  described 
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therefore  undoubtedly  provided  better  cylinder  conditions  than 
could  possibly  exist  in  the  ordinary  engine  in  which  a  higher 
smoke-box  vacuum  had  to  be  maintained.  As  the  heater  engines 
did  better  work  with  the  lower  vacuum  and  larger  blast-pipe  top, 
than  the  non-heater  engines  with  the  higher  vacuum,  and  standard 
top,  it  was  definite  proof  that  the  systems  described  substituted,  for 
the  common  blast,  something  which  was  more  effective. 

In  further  reply  to  the  discussion,  the  authors  referred  in  the 
first  place  to  their  statement  on  page  403  with  regard  to  boiler 
repairs.  Though  they  believed  the  use  of  the  heaters  to  effect  a 
reduction  in  boiler  maintenance,  they  had  no  conclusive  figures  on 
that  point  to  offer,  and  preferred  to  leave  the  matter  there  rather 
than  indulge  in  conjectures.  With  reference  to  the  question  of  the 
non-heater  engines  having  been  over-rated,  it  might  be  pointed  out 
that  the  link  workings  covered  trains  of  varying  loading,  while,  in 
addition,  wind  often  had  such  an  effect  on  train  working  in  Egypt, 
w^iere  the  lines  were  very  exposed,  as  to  result  frequently  in 
additional  coal  consumption  of  30  to  50  per  cent.  In  parts  of  India 
also  the  wind  effect  w^as  equally  great.  The  result  was  that  while 
the  non-heater  engines  were  for  part  of  the  time  overloaded,  the 
heavier  compounds,  which  could  contend  better  with  the  bad 
conditions,  were  under-loaded  for  part  of  their  time.  The  light 
heater  engines,  however,  were  able  to  handle  the  traffic  economically 
under  either  conditions. 

The  cost  of  the  compounds  was  that  for  machines  purchased  to 
the  builder's  design  in  France.  They  were  thus  cheaper  than  if 
they  had  been  to  the  Egyptian  State  Railways'  design.  They  were 
typically  French  and  of  excellent  workmanship.  For  the  work  done, 
the  comparison  made  in  Tal)le  11  (page  402)  was  fair  for  a  very 
large  section  of  European  practice.  The  use  of  the  pump  did  not 
involve,  as  suggested  })y  Mr.  l^owen  Cooke,  any  additional  work 
to  the  enginomen.  The  pump  sim})ly  rciplaced  one  injector.  It 
could  1)0  iirrangod  if  necessary  in  places  just  as  inaccessible  from  the 
cal)  as  was  often  done  with  injectors,  and  could  be  worked  with  as 
little  att(;ntion.  N(;ith(!r  did  the  heaters  described  add  to  the  men's 
duties.     Th(!  addition  of  the;  heaters  in  all  cases  greatly  improved 
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the  steaming  capacity  of  the  engines.  The  apparatus  could  not  be 
compared  with  an  ordinary  spark-arrester,  which  was  simply  an 
obstruction.  The  heaters,  though  they  might  be  somewhat  open 
to  a  similar  objection,  gave  back  in  another  way  much  more  than 
they  detracted  from  the  capacity  of  the  boiler,  so  that  there  was  a 
considerable  net  gain. 

In  connexion  with  Mr.  Wingfield's  remarks  (page  422),  the 
authors  w^ould  suggest  that  the  possible  failure  of  the  cones  shown 
in  Fig.  44  (page  424)  might  have  been  due  to  the  flare  being  too 
great,  with  resultant  disturbance  of  the  edges  of  the  air  stream. 
Petticoat  pipes  were  often  adopted  with  the  object  of  locating  a 
converging  point  for  the  flue  gases.  If  the  taper  and  position  were 
correct,  exhaustive  experiments  went  to  show  that  they  were 
advantageous  in  locomotive  smoke-boxes.  The  calorific  value  of 
the  coal  used  in  the  tests  of  Fig.  1  was  between  14,700  and  15,000 
B.Th.U.  per  1  lb.  of  dry  coal,  and  the  grate  area  of  the  engine  to 
which  they  referred  33*76  square  feet.  In  the  case  of  Fig.  6  (page 
350),  the  coal  had  a  value  between  14,000  and  14,400  B.Th.U.,  and 
the  engine  a  grate  area  of  17  square  feet.  The  curves  in  Figs.  1-7 
were  given  as  typical.  With  the  classes  of  coal  varying  to  such  an 
extent,  it  was  impossible  to  give  one  set  of  curves  applicable  to  all 
conditions.  It  should  also  be  noted  that  the  curve.  Fig.  6,  was  for 
trials  in  which  the  heat  balances  were  not  conclusively  worked  out, 
a  certain  percentage  being  left  unaccounted  for.  The  tubes  were 
simply  drifted  into  the  tube-plates.  If  the  taper  were  made 
extremely  slight  and  the  tube-plate  fairly  thick,  that  simple  method 
answered  the  purpose  unless  the  heaters  were  badly  treated  and 
suddenly  flooded  while  hot  with  cold  water.  With  regard  to  the 
increase  of  superheat  with  increased  speed  of  flow,  the  authors 
regretted  that  they  could  not  give  any  information  on  the  point 
raised  by  Mr.  Wingfield.  They  would  refer,  however,  as  interesting 
in  that  connexion,  to  some  Russian  tests  published  in  Engineering 
(vol.  94,  p.  134).  Curves  were  there  given  for  flue-gas  temperatures 
under  various  conditions  of  flow,  in  a  superheater  boiler.  Assuming, 
as  was  always  the  case  within  limits,  that  the  superheat  rose  with 
the  increased  flow  of  the  flue  gases  and  the  increased  flow  of  steam 
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through  the  superheater  elements,  it  would  be  seen  that  relatively 
more  heat  was  absorbed  at  the  higher  rates,  by  the  superheater- 
tubes  than  by  the  w\ater-tubes,  but  less  at  the  low  rates.  Though 
that  did  not  show  the  absolute  decrease  in  temperature  sought 
by  Mr.  Wingfield,  the  relative  change  in  the  temperatures  was 
interesting  and  seemed  to  confirm  Mr.  Wingfield's  deduction. 

The  working  figures  for  long  periods  asked  for  by  Mr.  Marsh 
were  given  in  Tables,  3,  8,  etc.  The  sizes  of  cylinders  and  blast- 
pipes  asked  for  by  Mr.  Stanier  w^ere  all  given  in  the  Paper 
{see  pages  378,  379,  391,  etc.).  The  costs  asked  for  by  Mr.  Smith 
w^ere  given  in  Appendix  II  (page  401).  The  authors  had  nothing 
to  add  to  what  was  already  stated  in  the  Paper  (page  386,  etc.),  on 
the  matter  of  lubrication,  nor  to  the  comparison  between  the  pump 
and  injector  made  on  pages  353-6. 

The  authors  had  not  suggested  anywhere  in  the  Paper  that  a 
consideration  of  the  efficiency  of  the  steam  generator  settled  the 
whole  question  of  locomotive  efficiency.  Since,  however,  they  were 
discussing  conditions  into  which  that  factor  entered,  they  were 
perfectly  justified  in  giving  it  a  place.  The  error  had  been  made 
by  the  speakers  in  the  discussion,  who  had  narrowed  down  the 
argument  to  issues  short  of  those  to  which  the  authors  intended 
their  statements  to  apply.  In  the  Paper  the  question  of  the  engine 
(in  the  form  of  a  discussion  on  the  steam  consumption  with  various 
degrees  of  superheat)  followed  immediately  on  that  of  the  efficiency 
of  the  generator,  and  in  the  subsequent  argument  the  two  were 
combined  as  far  as  data  permitted.  The  authors'  case  had  therefore 
been  properly  completed,  instead  of  being  left  in  the  meaningless 
condition  which  might  be  imagined  from  the  remarks  of  Mr.  Gresley. 
The  argument  as  to  the  relative  advantage  of  high  and  low  superlieat, 
based  on  the  specific  volume  of  steam  at  the  corresponding 
temperatures,  propounded  by  Mr.  Gresley,  was  one  very  commonly 
advanced,  but  it  was  imperfect.  It  was  pure  theory,  and  was  only 
;ipplicabl(!  to  a  perfect  non-conducting  cylinder.  It  ignored  practiail 
facts.  In  common  with  mucli  more  superheating  material  it  had 
])een  supplied  from  Germany,  and  accepted  in  this  country  without 
reflection.     The  improvement  in  consumption  with  superheat  was 
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rather  due,  for  the  practical  range  of  temperatures,  to  the  more  or 
less  thorough  suppression  of  cylinder  condensation,  and  perhaps  also 
of  leakage,  so  that  less  feed  had  to  be  dealt  with.  The  economy 
depended  more  upon  the  specific  volume  of  the  cylinder  mixture  at 
cut-ofF,  tlian  upon  that  of  the  steam  as  generated — the  two  w^ere 
very  different. 

Mr.  Smith  said  that  there  was  something  to  be  saved  from  the 
waste  gases  by  means  of  a  superheater,  and  that  most  of  the 
British  railways  were  now  trying  superheaters.  That  appeared  to 
the  authors  to  be  a  confusion  of  thought,  since  the  superheaters  in 
use  in  this  country  were  not,  with  very  few  exceptions,  waste-gas 
superheaters,  but  were  one  or  another  of  the  patterns  of  directly- 
fired  superheaters.  When  such  superheaters  were  employed,  the 
only  w^ay  of  saving  the  heat  in  the  waste  gases  was  in  feed-heating. 
Mr.  Lelean  had  stated  that  the  consensus  of  opinion  inclined  to  the 
smoke-tube  type  of  superheater.  Very  few  railways  had  as  a 
matter  of  fact,  tried  any  other.  None  had  tried  the  types  described 
in  the  Paper,  and  they  were  not  therefore  really  in  a  position  to 
give  any  definite  judgment  on  the  point.  It  was  absurd  to  condemn 
all  types  of  smoke-box  superheaters  together  without  discriminating 
between  them  and  the  conditions  they  might  fulfil.  In  Appendix 
II  (page  401),  the  authors  had  pointed  out  conditions  under  which 
the  smoke-box  superheater  might  be  expected  to  prove  of  value. 

The  Paper  (page  354)  stated  that  the  exhaust  injector  showed  a 
"  thermal "  saving  of  9  per  cent.  No  coal  economy  had  been  given 
in  this  connexion  by  the  authors.  The  figure  they  had  given  was 
the  saving  in  B.Th.U.  to  be  supplied  in  the  boiler.  The  coal 
economy  was  naturally  dependent  upon  the  extent  to  which  that 
injector  was  used  during  the  hours  under  steam.  For  the  actual 
time  the  exhaust  injector  was  at  work  the  authors  thought  it 
might  show  about  the  economy  stated. 

If  there  were  no  greater  difference  shown  in  service  than 
Mr.  Hill  stated  between  piston-  and  slide-valve  engines,  that 
difference  was  sufficient  to  prevent  the  authors  from  pursuing  their 
method  of  analysis  so  far  as  to  make  it  cover  both  types  indifferently. 
Had  they  done  so,  it  would  have  been  open  to  some  other  critic  to 
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point  out  that  the  curves  were  applied  to  conditions  they  did  not 
fit.  Mr.  Hill's  figures  were  interesting  in  view  of  others  previously 
recorded.  M.  E.  Sauvage  in  his  Paper  before  the  Institution  in 
1904,  stated  that  in  his  experience  piston-valve  engines  showed 
10  per  cent,  coal  economy  compared  with  slide-valve  engines.  The 
late  Mr.  S.  W.  Johnson  at  the  Engineering  Conference  of  1897 
showed  that  piston-valves  only  required  one-sixth  of  the  power  to 
work  them  that  slide-valves  did.  If  the  subject  were  looked  at 
from  the  leakage  point  of  view,  Messrs.  Callendar  and  Nicolson  and 
Sankey  had  shown  piston-valve  leakage  to  be  less  than  that  of 
slide-valves,  while  the  two  first,  and  Mr.  H.  Denzil  Lobley,  had 
shown  that  it  was  less  with  superheated  steam  than  with  saturated, 
at  least  up  to  a  certain  point.  If  then  the  leakage  theory  were 
accepted,  the  loss  from  this  cause  would  be  expected  to  be  much 
less  for  an  engine  using  superheat  with  piston-valves,  than  in  one 
using  saturated  steam  and  slide-valves.  The  position  of  the 
piston-valve  engine  should  be  the  better  of  the  two  from  whichever 
way  the  matter  was  regarded. 

The  addition  of  feed-heating  to  a  superheater  engine  lowered 
the  degree  of  superheat  to  some  extent  because  less  fuel  was  burnt 
and  a  softer  draught  was  used.  The  combustion  temperatures  were 
lower,  the  volume  of  gas  to  give  up  heat  to  the  superheater  elements 
was  less,  and  tlie  speed  of  the  gas  also  less,  the  transmission  therefore 
being  reduced  to  some  extent.  Owing,  however,  to  part  of  the 
work  being  done  in  the  feed-heater,  the  capacity  or  economy  of  the 
engine  was  greatly  enhanced.  The  actual  economy,  as  Mr.  Marsh 
liad  pointed  out,  was  not  the  sum  of  tlie  two  systems  taken 
separately ;  it  was  more  nearly  the  product,  but  owing  to  the 
interaction,  it  fell  somewhat'  below  that  figure.  In  the  condensing 
system  advocated  by  Mr.  Marsh  it  was  not  possible  to  take  feed- 
h(;ating  beyond  a})out  210''  F.,  even  if  that  figure  could  bo  readied. 
The  authors  had  sliown  tliat  witli  other  systems  it  couUl  bo 
CJirried  a  good  d(;al  further.  Tlie  direct  condensing  system  also 
neces.sitated  the  heaters  being  on  the  suction  side  of  tlu^  pump. 
It  was  quite  possible  to  obtain  pumps  suitabh^  for  locomotive  work 
and  capable  of  dealing  with  water  at  the  temperatures  thus  attained, 
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but  the  authors  preferred  heaters  on  the  delivery  side  of  the  pump. 
Higher  feed  temperatures  were  then  possible.  Small  heaters  could 
be  employed,  and  as  the  pump  then  only  had  to  deal  with  cold  water, 
upkeep  expenses  were  less,  and  a  type  could  be  successfully  used, 
involving  less  first  cost. 

Mr.  Weir  had  given  some  interesting  figures  with  regard  to 
economy  shown  by  feed-water  heating  in  tests.  The  authors 
believed  that  points  lying  much  [above  the  curve  No.  1  in  Fig.  11 
erred  somewhat  on  the  high  side.  It  was  quite  true  that  in  feed- 
water  heating  in  locomotive  work,  the  earlier  degrees  showed 
somewhat  greater  economy  than  the  higher.  That  was  because  the 
boiler  output,  which  was  decreased,  fell  along  a  curve,  d,  Fig.  2 
(page  347).  That  point  was  taken  into  account  in  Fig.  11  in  which 
the  line  No.  1  was  not  a  straight  line,  while  the  line  No.  2  was. 
The  curvature  of  line  No.  1  was  very  small,  and  not  so  great  as 
Mr.  Weir  seemed  to  imagine. 

All  who  had  had  experience  in  such  matters  would  realize  that 
the  life  of  tubes  was  largely  a  matter  of  adjustment  to  circumstances. 
That  might  have  been  inferred  by  others  less  conversant  with  the 
subject,  from  the  authors'  remarks  in  Appendix  II  (page  403). 
They  there  stated  that  a  certain  weight  tube  gave  a  certain 
mileage,  but  that  the  life  might  be  increased  by  increasing  the 
thickness  or  by  using  tubes  of  another  type  or  metal.  It  was  well 
known  that  condenser  tube  renew^als  varied  in  different  localities 
to  an  extraordinary  degree,  yet  condensers  were  not  condemned 
because  in  one  district  the  life  of  one  particular  gauge  of  one  kind 
of  tube  had  only  run  to  a  certain  figure.  The  authors  appealed  to 
members  to  base  their  criticism  on  broader  engineering  grounds 
and  to  consider  also  the  statements  actually  made  in  the  Paper, 
many  of  which  several  speakers  appeared  to  have  completely 
overlooked. 

The  same  might  be  said  in  reply  to  the  criticism  as  to  the 
overcrowding  of  the  smoke-box.  That  matter  was  referred  to  by 
several  speakers,  but  only  in  general  terms,  though  the  Paper 
described  no  less  than  four  distinct  types  of  installations,  between 
which  speakers   had   not    discriminated.      The   authors    found    it 
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clitHcult  to  reply  to  such  indefinite  charges  for  several  reasons.  In 
the  first  place,  taking  the  type  B  for  example,  that  design  could 
not  be  said  to  be  open  to  that  objection.  The  heater  was  suspended 
out  of  the  way,  and  did  not  interfere  with  any  boiler  work.  It 
presented  much  less  obstruction  to  such  work  than  did  the  damper 
box  and  gear,  header  and  superheater  elements  of  a  smoke-tube 
superheater  boiler.  Though  some  objection  was  still  raised  to  the 
latter,  it  did  not  prevent  the  increasing  adoption  of  the  smoke-tube 
superheater.  The  type  B  arrangement  did  not  present  a  fraction 
of  the  obstruction  or  overcrowding  in  the  smoke-box  brought  about 
by  heaters  commonly  embodied  in  engines  built  by  a  firm  represented 
by  one  of  the  speakers  on  this  point.  Again,  with  regard  to  the 
type  C  arrangement,  half  the  smoke-box  apparatus  in  that  case 
pertained  to  the  smoke-tube  superheater  which  the  authors  had  just 
shown  was  now  commonly  accepted.  The  other  half  served  its 
purpose  so  well  that  smoke-box  conditions  were  changed  sufficiently 
to  allow  of  its  use.  The  accumulation  of  ash  in  the  smoke-box 
was  extremely  small ;  the  tubes  could  run  for  much  longer  periods 
without  rodding  or  blowing  through,  and  very  little  work  had  ever 
to  be  done  in  the  smoke-box.  To  many  minds  the  smoke-box  had 
become  a  sort  of  fetish.  With  changed  conditions,  changes  of 
practice  were  sometimes  allowable.  However,  to  forestall  criticism 
on  that  very  point  with  regard  to  type  C,  the  type  D  arrangement 
had  been  devised  and  had  been  found  practicable,  as  stated  in  the 
Paper,  having  been  fitted  to  Engine  No.  712,- yet  not  one  of  their 
critics  had  given  the  least  indication  of  being  aware  of  the  existence 
of  that  development. 

At  the  close  of  the  authors'  reply  to  the  correspondence  would 
1)0  found  a  note  giving  other  details  of  a  design  of  heater  fixed  to 
the  smoke-l)ox  front,  and  swinging  dear  wlien  the  smoke-box  was 
opened.     [See  page;  480.] 
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Communications. 

Mr.  E.  L.  Ahrons  wrote  that  the  hardness  of  the  feed- water 
was  not  stated  in  the  Paper,  and  in  view  of  the  method  adopted 
for  cleaning  the  heaters,  namely,  by  means  of  the  combined  boiler 
clack  and  blow-through  valve,  this  was  a  matter  of  considerable 
importance.  It  was  some  years  since  he  resided  in  Egypt,  but  as 
far  as  he  remembered,  the  average  water  derived  from  the  Nile  was 
not  a  hard  water.  In  the  case  of  hard  feed-waters,  such  as  were 
met  with  in  many  parts  of  tliis  country,  it  would  probably  be 
necessary  to  arrange  the  feed-heaters  so  that  the  tubes  and 
tube-plates  could  be  easily  removed  bodily  for  cleaning  purposes. 

Referring  to  the  smoke-box  drum-heaters,  which  were  also 
used  as  moderate  steam  superheaters,  the  superheat  attained  reached 
90°  F.  He  gathered  from  the  Paper  that  in  several  of  these 
engines  ordinary  sight-feed  lubricators  were  used  in  conjunction 
with  ordinary  slide-valves.  It  would  be  interesting  to  learn 
whether,  during  the  course  of  the  experiments,  on  engines  not 
fitted  with  mechanical  lubricators,  temperatures  below  and  up  to 
90°  F.  superheat  were  reached  at  which  the  slide-valves  began  to 
give  trouble.  He  had  found  in  the  case  of  stationary  engines  that 
slide-valves  have  occasionally  given  trouble  with  very  low  degrees 
of  superheat,  owing  to  the  mere  dryness  of  the  steam. 

In  type  C,  Figs.  34  and  35  (page  398),  the  blast-pipe  was  shown 
with  a  somewhat  sharp  right-angled  elbow-bend.  Were  any 
observations  made  as  to  the  actual  increase  of  back-pressure  due  to 
this  arrangement  ? 

Mr.  Lawford  H.  Fry  wrote  that  he  had  been  particularly 
interested  in  Mr.  C.  H.  Wingfield's  method  of  plotting  the  loss  by 
unburnt  coal  in  logarithmic  relation  to  the  rate  of  firing  {see  Fig.  45, 
page  425),  but  he  believed  that  the  break  in  thei  line  was  due  to 
the  points  in  this  figure  having  been  plotted  from  a  fair  curve,  and 
that  it  would  not  be  borne  out  by  the  results  from  the  actual  tests* 
To  investigate  this  question,  he  had  plotted  the  losses  by  unburnt 
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fuel  for  a  number  of  tests  in  Fig.  50.  The  plotting  was  done 
logarithmically,  the  ordinates  being  the  logarithms  of  the  heating 
value  lost  by  the  escape  of  unburnt  combustible,  as  determined  by 
calculation,  while  the  abscissse  were  the  logarithms  of  the  rate  of 
firing.  Seven  series  of  tests  were  represented.  Series  100,  200, 
600  and  800  were  made  on  the  Pennsylvania  Railroad  testing  plant, 
and  were  analysed  in  the  writer's  Paper.*  Series  900  was  also 
from  the  Pennsylvania  Railroad  testing  plant,  and  was  made  with 
practically  the  same  coal  as  the  four  series  already  referred  to. 
The  remaining  tw^o  series  of  tests  were  made  by  Professor  Goss, 
and  described  in  "  Superheated  Steam  in  Locomotive  Service,"  and 
were  made,  one  with  Pocahontas  coal  having,  like  that  of  the 
Pennsylvania  tests,  about  15  per  cent,  of  volatile  matter,  while  the 
other  was  made  with  Youghiogheny  ooal  having  about  35  per  cent, 
of  volatile  matter. 

In  series  100  and  in  the  upper  tests  of  series  900  the 
experimental  data  were  rather  irregular,  but  with  these  exceptions 
the  points  of  each  series  fell  remarkably  close  to  a  straight  line. 
There  was  no  indication  of  a  break  in  the  centre  of  the  line. 

It  was  very  remarkable  that  in  the  seven  series  of  tests,  all 
that  he  had  yet  had  an  opportunity  of  examining,  the  lines  were 
parallel.  This  indicated  that  in  all  these  tests  the  loss  by  unburnt 
combustible  was  proportional  to  the  same  power  (the  1  *  9th  power) 
of  the  rate  of  firing.  Writing  the  relation  in  the  form  of  an 
equation 

where  Q,,,,  is  the  number  of  B.Th.U.  lost  per  square  foot  of  grate  area 
per  hour  by  the  escape  of  unburnt  combustible  ;  G  is  the  number  of 
pounds  of  dry  coal  fired  per  square  foot  of  grate  area  per  hour  ; 
and  h  is  a  constant  depending  to  a  small  extent  on  the  boiler 
design,  but  mainly  on  tlie  quality  of  the  coal. 

The  values  of  h  for  the  various  tests  shown  in  Fig.  50  are  : — 

Scries  100 /c  =  75 

,,200 81 

♦  ProccediugB,  I.Mocb.E.,  lUO:i,  i'arL  2,  pug«  2G"J. 
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Series  COO k  =  19 

,,800 81 

,,900 81 

Goss  Pocahontas  Coal           ....  63 

„     Youghiogheny  Coal      ....  35 

This  proportionality  of  the  loss  by  unburnt  fuel  to  the  1  •  9th 
power  of  the  rate  of  firing  appeared  to  be  a  general  one,  and  if  this 
were  the  case  the  relation  would,  he  thought,  be  very  useful  in 
studying  the  operation  of  locomotive  boilers. 

Mr.  James  Manson  wrote  that,  with  regard  to  high-degree 
feed-water  heating,  it  was  shown  from  the  calculations  based  on 
Fig.  10  (page  360),  that  the  economy  to  be  derived  from  heating  the 
feed-water  from  65°  to  270°  F.,  as  compared  with  injector-feed, 
was  equivalent  to  reducing  the  rate  of  firing  from  80  lb.  per  square 
foot  of  grate  area  per  hour  to  60*8  lb.,  or  24  per  cent.  And 
further,  that  practical  tests  showed  a  saving  of  23  per  cent,  for  the 
heater  engine.  As  the  saving  in  fuel  due  to  the  temperature  of 
270°  F.  was  18  per  cent.,  an  additional  5  per  cent,  had  been 
secured  by  easier  working  of  the  engine  and  lighter  blast  action  on 
the  fire. 

With  regard  to  moderate  feed-heating  combined  with  moderate 
superheating,  by  a  similar  calculation  the  economy  from  this  system 
reduced  the  consumption  per  square  foot  of  grate  from  80*0  to 
58*1  lb.  per  hour,  or  27*4  per  cent.  Practical  tests  have  shown  a 
saving  of  30  •  8  per  cent,  above  the  ordinary  engine,  by  the  adoption 
of  feed-water  heating  to  210°  F.,  and  superheating  to  85°  F. 

In  the  system  of  high-degree  feed-heating  combined  with 
Buperheating  of  200°  F.,  the  authors  calculated  a  reduction  of 
consumption  per  square  foot  of  fire-grate  from  80*0  to  49*1  lb. 
per  hour,  or  38*64  per  cent.  For  reasons  given,  No.  712  could  not 
be  tested  at  its  best  loads  against  simple  engines,  but  by  making 
use  of  figures  for  simple  engines  obtained  in  tests  against  moderate 
feed-heating  and  moderate  suporlicating,  they  calcjidated  that 
No.  712  would  show  an  economy  of  45  per  cent.,  which  might  be 
subdivided  into  24  per  cent,  for  feed-heating,  and  21  per  cent,  for 
superheating  economy. 
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In  the  autumn  of  1911  the  writer  made  some  tests  with 
superheaters  and  feed-water  heaters  against  simple  engines.  The 
engines  were  all  of  the  4-6-0  class  with  outside  cylinders.  The 
simple  engine,  No.  123,  having  cylinders  20  inches  by  26  inches  with 
"  balanced  "  slide-valves  or  relief  pistons.  The  superheater  engines, 
Nos.  128,  129,  had  cylinders  21  inches  by  26  inches  and  piston-valves. 
No.  129  was  also  fitted  with  a  "Weir"  pump  and  heater  or 
condenser;  the  boiler  pressure  of  the  simple  engine  was  180  1b., 
that  of  the  superheater  engines  1601b.  The  tests  were  carried  out 
on  the  Glasgow  and  South  Western  Kailway  main  line  expresses, 
and  every  eflbrt  was  made  to  ensure  accuracy. 

The  engines  were  all  worked  in  turn  by  the  same  driver  and 
fireman.  The  coal  was  of  equal  quality  from  one  pit  and  weighed 
on  and  off  each  run,  the  coal-boxes  being  passed  over  a  special 
weighing  machine  on  the  level  of  the  coaling-stage  platform,  each 
box  containing  about  12  cwt. 

In  order  to  measure  the  water  consumption  and  to  get  exact 
readings  at  any  part  of  the  journey,  the  following  arrangement  was 
adopted.     The  tank  having  been  filled,  one  of  the  injector  supply- 
pipes  was  coupled  to  one  of  "  Kennedy's  "  water-meters  placed  in 
one   of  the  shed  engine-pits ;  the  water  was  run  off  through  this 
meter  and  the  gallons  indicated  thereon  were  marked  on  a  dial 
connected  with  a  spring  suspended  float-tube,  immersed  in  a  tube 
coupled  to  the  bottom  of  the  tank.     The   average  weight  of   the 
engine  and  tender  was  108   tons,  the  tare  weight  of   the  coaches 
242  tons ;  and,  on  a  moderate  estimate  of  passengers  and  luggage, 
the  load  behind  the  tender  was  282  tons,  at  an  average  speed  of  50 
miles  per  hour.     Each  engine  under  the  various  tests  made  three 
double  trips  of  231  train-miles,  or  693  miles  ;  and  with  a  gross  load  of 
390  tons,  the  average  per  trip  of  231  miles  was  as  shown  on  page  466. 
In  the  experiments  just  described  the  "  Weir  "  feed-heater  or 
condenser  had  only  32  square  feet  of  surface,  and  as  it  was  found 
on  a  preliminary  trial  that  no  sensible  amount  of  the  exhaust  steam 
was   passing   to   the    condenser,    the   question    came   as   to   what 
percentage  of  the  steam  could  be  dealt  with  by  the  feed- water.      A 
little  consideration  showed  that,  at  a  temperature  of  about  175°  F., 
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Engine. 

Coal. 

Coal 

lb.  per 

train-mile. 

Water. 

Superheater. 

T.  C.  Q. 

Gallons. 

Temperatures. 

No.  123  simple 

• 

5  12     0 

54-46 

9,200 

— 

„    128  superheater 

• 

4  12     0 

44-76 

7,350 

620-650 

»    129 

. 

4  11    0 

44-28 

7,100 

600-640 

„    129 
feed-heater  in  use 

andl 

4    3     0 

40-24 

7,200 

600-640 

Economy  of  superheater  engines  over  simple  a  Coal  18^  per  cent.,  water 


engine    .         .         .         .         .         .         .  )     21^  per  cent. 

Economy  of  superheater  engine,  No.  129,  fitted  jCoal  26  per  cent.,  water 

with  pump  and  heater,  over  simple  engine  -'     22  per  cent. 

Economy  derived  from  pump  and  feed-heater  j^.^^^  g^  ^^^  ^^^^  ^  ^^^^^^ 

as    compared    with    same    engine    using  |     ^^  ^^^  ^^^^^  j^^^^ 

superheated  steam  and  injector  feed 
Average  readings  of  feed-water  temperature  175°  F. 

the  ratio  of  water  to  steam  would  be  eight  times,  and  the  blast-pipe 
orifice  was  reduced  12J  per  cent.,  but  in  order  to  get  the  full 
temperature  of  175*^  the  area  was  further  reduced  to  about  20  per 
cent,  below  that  of  the  original  orifice  of  5  J  inches  diameter  with 
which  the  engines  had  all  worked  in  the  other  tests — of  simple 
engine  and  superheaters.  From  the  working  of  the  engine  with 
the  feed-heater  in  use,  he  did  not  consider  that  the  reduction  of  the 
blast-pipe  area  had  any  bad  eflfect,  as  the  apparent  loss  of  area  was 
compensated  by  the  eduction  pipes  and  condenser.  In  practice, 
except  for  an  instant  in  starting  away  from  the  terminals,  there 
was  no  indication  of  pressure  in  the  heater.  Generally,  the  slide- 
valves  of  the  simple  engine  were  on  the  top  of  the  cylinders.  The 
link  motion  operated  through  a  rocking  arm  or  shaft,  and  this 
same  gear  was  used  for  operating  the  piston-valves  of  the 
superheater  engines. 

The  results  obtained  by  the  writer  under  the  conditions 
descril)ed  might  be  readily  compared  with  those  given  by  the  authors 
ofi  the   Paper,  with   whom  he  agreed  in  thinking  that  economies 
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derived  from  feed-heating  and  superheating  brought  about  additional 
advantages  by  reducing  the  unburnt  fuel  losses. 

Mr.  James  Metcalfe  wrote  that  the  type  of  exhaust-steam 
feed-water  heater  with  which  he  had  had  the  most  experience  was 
that  of  the  injector,  in  which  the  exhaust  steam  was  directly 
condensed  by  the  feed-water  and  served  both  to  heat  the  feed-water 
and  to  force  it  into  the  boiler.  This  possessed  several  advantages 
over  the  tubular  heater  system,  especially  for  locomotive  work. 
The  exhaust-steam  injector  mentioned  in  the  Paper  (page  354)  was 
now  obsolete,  and  in  the  latest  type  the  efficiency  of  the  instrument 
had  been  increased  and  a  much  higher  duty  was  obtained  from  the 
exhaust  steam,  so  that  the  quantity  of  live  steam  used  was  only 
about  one  quarter  of  that  used  in  the  earlier  type  of  injector. 
With  this  injector  using  exhaust-steam  alone,  the  delivery 
pressures  obtained  were  : — 


Exhaust- Steam  Pressure. 

Injector  Delivery  Pressure. 

Lb.  sq.  inch. 

Lb.  sq.  inch. 

1 

120 

5 

150 

10 

190 

15 

220 

The  temperature  of  the  delivered  water  was  210°  F.,  which  was 
equal  to  the  type  "  B "  heater.  It  would  be  seen  that,  with  a 
moderately  high  exhaust-steam  pressure,  this  injector  was  capable 
of  feeding  the  boiler  without  the  addition  of  any  live  steam,  and  it 
was  regularly  found  in  practice  on  locomotives  drawing  heavy  trains 
that  no  live  steam  was  necessary,  the  water  being  forced  into  the 
boiler  simply  by  the  use  of  exhaust  steam. 

A  further  feature  was  the  reduction  of  back-pressure  in  the 
cylinders  obtained  by  the  use  of  this  injector,  which  acted  as  a 
small  condenser  at  a  vacuum  of  26  inches,  into  which  the  exhaust- 
steam  was  drawn,  so  that  back-pressure  was  considerably  reduced. 
When  the  exhaust-steam  pressure  was  low,  a  supplementary  live- 
steam  jet  was  used  to  give  the  increased  pressure  necessary  to  feed 
the  boiler,  and  in  this  case  a  delivery  temperature  of  235°  to  240°  F. 
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was  obtained.  In  any  case  there  was  no  loss  whatever  with  this 
type,  the  whole  of  the  live  steam  being  condensed  by  the  feed-water 
and  being  returned  directly  into  the  boiler,  so  that  the  efficiency  of 
the  apparatus  would  be  greater  than  that  of  the  combined  pump 
and  heaters.  This  systemi  also  possessed  the  advantages  of  fewer 
parts,  the  complete  apparatus  consisting  of  the  exhaust-steam 
injector  and  the  grease  separator,  the  total  w^eight  of  which  was 
2  cwt.  as  compared  with  3*75  tons  of  the  type  "B"  heater  system. 
The  initial  cost  also  would  only  be  about  one-third  of  the  initial 
cost  of  the  heater,  while  the  cost  of  upkeep  w^as  considerably  less 
than  any  other  system  of  boiler  feeding. 

The  question  of  cleaning  was,  in  his  opinion,  of  great  importance 
with  the  tubular  heaters,  and  seeing  that  ordinary  injector  delivery- 
pipes  of  IJ-inch  bore  were  frequently  choked  up  with  sediment, 
he  did  not  see  how  it  was  possible  to  keep  the  interior  of  these 
heaters  clean  and  free  from  incrustation,  owing  to  the  space  between 
such  a  number  of  small  tubes  being  so  restricted.  In  addition, 
there  was  the  cost  of  the  upkeep  of  the  pump.  The  writer  would 
be  glad  to  know  if  any  trouble  had  been  experienced  with  the 
locomotive  check-valves  ;  very  frequently  when  pumps  were  adopted, 
severe  wear  of  the  seatings  and  frequent  renewals  had  been  found 
necessary  in  the  check-valves  owing  to  the  intermittent  action.  In 
spite  of  the  number  of  heaters  now  available,  the  injector  type  was 
the  only  system  which  had  been  regularly  adopted  by  the  different 
railway  companies,  and  its  continued  use  during  the  past  fifteen 
years  proved  its  superiority  over  all  other  systems. 

Mr.  Hugh  Reid  (North  British  Locomotive  Co.)  wrote  that  he 
thought  Mr.  Trevithick  merited  the  thanks  of  all  locomotive 
engineers  "for  the  thorough  and  painstaking  manner  in  which  he 
liad,  over  a  lengthened  period,  tested  the  various  methods  of  feed- 
water  heating,  and  also  for  the  generous  manner  in  which  he  had 
from  time  to  time  publislied  the  practical  results  of  these 
investigations.  Five  years  ago,  in  the  Franco- i^ritish  Exhibition, 
he  exhibite»l  a  beautiful  model  of  a  locomotive  (Jth  full  size)  fitted 
with   his  apparatus,  and   concurrently  therewith   a  pamphlet  was 
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issued  giving  full  particulars  of  the  method  of  fitting  and  the 
results  of  a  series  of  tests  of  his  feed-water  heating  and  spark- 
arrester.  The  authors  had  now  placed  before  the  Institution  a 
comprehensive  Paper  in  which  the  theoretical  conditions  of  the 
problem,  as  well  as  the  practical  results  attained,  had  been  clearly 
put  forth.  Mr.  Trevi thick's  experiments  included  a  series  with 
"  superheating,"  and  the  discussion  had  consequently  been  somewhat 
diverted  from  the  main  subject  of  the  Paper.  It  was  desirable 
that  consideration  of  the  two  phases  of  economical  working — 
"  Superheating  "  and  "  Feed- Water  Heating  " — should  each  be 
dealt  with  on  its  own  merits,  employing,  as  they  did,  totally  distinct 
apparatus  for  their  respective  purposes,  namely,  the  heating  of 
water  and  the  superheating  of  steam.  Messrs.  Schmidt,  Churchward, 
and  Robinson  were  undoubtedly  to  be  congratulated  on  the  economic 
success  which  had  attended  their  efforts  in  the  production  and 
simplication  of  superheating  apparatus.  This  success  was  claimed 
in  two  directions  :  (1)  saving  in  steam  consumption  ;  and  (2)  saving 
in  boiler  repair. 

Feed- water  heating  might,  as  regards  saving  in  steam 
consumption,  have  to  be  content  with  only  10  per  cent.,  but  the 
saving  in  boiler  repair,  on  which  Mr.  Trevithick  could  not  be 
expected  to  give  such  particulars  as  would  be  generally  applicable, 
must  be  much  more  appreciable  than  in  the  case  of  superheating. 
The  lowering  of  the  boiler  pressure  some  20  or  30  lb.  per  square 
inch  formed  the  principal  reason  in  the  latter  case.  The  raising  of 
the  temperature  of  the  feed-water  120°,  and  the  prevention  of  a 
considerable  quantity  of  deleterious  matter  from  entering  the  boiler, 
w^ere  much  more  important  as  affecting  the  life  of  the  boiler ;  and 
this  aspect  had  not  perhaps  been  sufficiently  emphasized.  The 
apparatus  itself,  in  respect  of  its  weight,  its  method  of  application, 
cost  and  maintenance,  alone  remained  for  consideration.  For 
engines  already  in  service  and  which  were  up  to  the  maximum 
limit  of  weight,  there  was  clearly  a  difficulty,  but  for  engines  which 
were  being  designed  up  to  that  limit  the  economies  w^ould  probably 
allow  of  a  lighter  boiler,  and  for  the  great  majority  of  engines  both 
"  in  service  "  and  prospective,  the  weight  limit  did  not  apply. 
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The  authors  had  fully  recorded  the  present  stage  of  progress  in 
feed-water  heating  as  applied  to  the  locomotive  boiler,  and  perhaps 
little  more  progress  could  be  expected  in  this  direction  after  the 
exhaustive  manner  in  which  Mr.  Trevithick  had  dealt  with  the 
problem,  both  theoretically  and  practically.  Incidentally,  however, 
it  had  to  be  remembered  that  finality  in  boiler  design  might  not 
yet  have  been  attained.  The  "  reservoir  capacity  "  of  the  locomotive 
boiler  was  an  important  factor  of  weight,  which  might  be  overcome 
if  the  steam  were  superheated  more  directly,  say  in  a  "  flash  boiler  " 
somewhat  of  the  "  Serpollet "  type,  if  this  could  be  conveniently 
installed  in  the  locomotive. 

Mr.  William  Rowland  (G.C.R.)  wrote  that  he  thought  the 
curves  shown  on  Figs.  1  and  2  (pages  346-7)  were  unreliable,  and 
therefore  deductions  based  on  them  w^ere  likely  to  be  inaccurate. 
These  curves  practically  assumed  that  boiler  efficiency  depended 
entirely  on  the  amount  of  coal  burnt  per  square  foot  of  grate, 
and  that  the  amount  burnt  per  square  foot  of  heating  surface 
was  a  matter  of  indiJBference ;  in  fact,  they  went  further  and 
declared  that  the  heating  surface  became  more  efficient  with 
increased  rates  of  combustion  per  unit  area,  as  would  be  seen 
by  deducting  only  the  CO  waste-gas  and  radiation  losses  in 
Fig.  1,  the  resulting  curve  showing  an  increasing  efficiency. 

Unfortunately  the  power  of  a  boiler  depended  on  a  great  deal 
more  than  mere  grate  area,  which,  without  corresponding  heating 
surface,  constituted  a  very  wasteful  method  of  obtaining  additional 
power.  Certainly,  in  this  country  the  losses  due  to  unburnt  fuel 
were  not  as  a  general  rule  anything  like  those  shown  by  the 
curves,  and  those  due  to  waste  gases  were  far  higher.  The  writer 
did  not  know  how  the  waste-gas  losses  had  been  estimated,  but  it 
was,  he  believed,  admitted  by  the  reporters  of  the  St.  Louis  tests 
that  the  method  of  estimating  the  smoke-box  cinders  and  sparks 
was  by  no  means  accurate.  It  was  of  no  use  attempting  to  gauge 
the  waste-gas  losses  by  the  smoke-box  temperature,  even  if  a 
pyrometer  were  placed  in  the  fire  at  the  same  time,  unless  a 
continuous    CO,    CO^,   and    oxygen    analysis   were   made   of    the 
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smoke-box  gases  to  determine  how  much  excess  air  was  present. 
The  common  practice  of  admitting  large  quantities  of  air  above  the 
fire,  with  the  object  of  preventing  smoke,  invariably  resulted  in  a 
low  smoke-box  temperature,  leading  to  the  mistaken  inference 
that  the  waste-gas  losses  were  correspondingly  low.  Certainly, 
there  was  some  increase,  as  a  rule,  in  the  unburnt  fuel  loss  with 
increasing  rates  of  firing  per  square  foot  of  grate ;  but  this  increase 
was  dependent  on  so  many  factors,  such  as  fire-box  and  smoke-box 
capacity,  nature  of  blast,  whether  violently  pulsating  or  otherwise, 
size  and  position  of  the  brick  arch,  and  particularly  on  the  physical 
quahties  of  the  fuel,  that  it  was  a  matter  of  practical  impossibility 
to  construct  a  rule  or  curve  of  such  general  applicability  as  to  be  of 
any  value. 

He  fully  agreed  with  the  authors  in  their  statement,  that 
increasing  the  rate  of  firing  of  a  given  boiler  resulted  in  a 
diminution  of  its  efficiency,  though  he  thought  this  was  quite  as 
much  due  to  the  waste-gas  losses  as  to  those  due  to  unburnt  fuel ; 
in  fact,  he  was  strongly  of  the  opinion  that  by  far  the  greater  part  of 
the  losses,  under  British  conditions  at  any  rate,  were  waste-gas 
losses.  He,  therefore,  preferred  to  regard  the  undoubted  gain 
from  feed-heating  as  amounting  to  giving  the  boiler  extra  heating 
surface  instead  of  extra  grate  area.  It  was  quite  obvious  that 
feed-water  heating  was  the  only  possible  way  of  using  any  part  of 
the  low  temperature  waste-heat  of  the  exhaust,  and  the  authors 
were  perfectly  correct  in  saying  that  this  heat  could  be  abstracted 
without  causing  any  ill  eff*ects  on  the  blast  or  any  increase  in 
back  pressure.  The  only  trouble  likely  to  arise  was  in  the  case  of 
the  exhaust-steam  heater  being  out  of  use,  in  which  case  the  blast- 
pipe  might  possibly  be  a  little  too  small,  but  there  would  be  very 
little  in  it.  Engines  with  exhaust-injectors  steamed  practically  as 
well  with  either  the  exhaust  or  the  live  steam-injector,  and 
doubtless  the  same  would  apply  to  those  with  any  other  equally 
effective  form  of  exhaust-heater.  The  main  objection  to  the 
tubular  exhaust-heater  seemed  to  be  the  weight  and  cost  of  the 
apparatus  and  the  necessary  pump  and  the  extremely  short  life  of 
the  tubes,  for  which  reasons  some  form  of  direct  heater,  such  as  an 
exhaust-injector,  would  appear  preferable. 
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With  regard  to  the  smoke-box  feed-water  heater,  there  seemed 
to  be  no  object  in  using  this  at  all.  Any  heat  that  could  be 
collected  out  of  the  waste  gases  was  far  better  employed  in 
superheating  the  steam  than  in  heating  the  w^ater ;  not  only  was 
the  gain  in  over-all  efficiency  rather  more,  but  the  cost  of 
maintenance  was  certainly  less.  90"^  of  feed-heating  reduced  the 
demand  on  the  boiler  heating  surface  by  about  7J  per  cent,  and 
thereby  raised  the  boiler  efficiency,  so  that  the  coal  consumed  was 
reduced  by  considerably  more,  the  water  saving  being  constant  at 
all  rates  of  evaporation  per  square  foot,  but  the  coal  saving 
increasing  with  the  rate  of  evaporation.  90°  of  superheat, 
whether  sensible  to  the  thermometer  or  latent  in  the  shape  of 
dried  moisture,  represented  an  economy  which  could  be  measured 
by  the  absolute  temperature  of  the  steam  before  and  after 
superheating,  and  this  was  about  10  per  cent,  compared  with 
7h  per  cent,  saved  by  heating  the  water,  and  represented  a 
correspondingly  greater  coal  saving.  The  steam-consumption 
curve,  Fig.  9  (page  358),  almost  exactly  squared  with  the  curve 
of  absolute  temperatures,  and  any  apparent  discrepancies  that  the 
w^riter  had  been  able  to  find  in  practice  had  been  in  the  direction 
of  higher  efficiences  at  lower  superheats,  in  which  cases  of  course 
priming  seemed  to  have  been  the  disturbing  factor. 

Feed-water  heating  certainly  resulted  in  a  reduction  of 
superheat  in  the  usual  smoke-tube  arrangement,  because  it 
reduced  the  demand  on  the  boiler  heating-surface  whilst 
maintaining  the  same  amount  of  steam  to  be  heated.  Reducing 
the  demand  on  the  heating  surface  enabled  the  fire-box  to  supply 
a  larger  2:)roportion  of  the  whole,  leaving  the  gases  cooler  when 
entering  the  tubes,  in  consquence  of  which  both  they  and  the 
superheater  transmitted  less  heat,  and  the  superheat  was  reduced. 
For  this  reason,  engines  with  a  relatively  largo  amount  of  fire-box 
heating  surface  to  tube  surface  required  more  super! loating  surface 
than  tliose  with  a  smaller  fire-box  and  more  tubes. 

The  writer  could  not  altogether  agree  with  the  authors  in  their 
advocacy  of  any  form  of  smoke-box  heater  whatever.  Such  a 
device  was  not  desirable  in  a  smoke-box  uiidei  any  circumstances, 
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and  the  proper  way  to  take  the  heat  out  of  the  gases  was  to 
provide  sufficient  boiler-tube  and  superheating  surface  in  the 
boiler  itself  to  reduce  the  smoke-box  gases  to  a  reasonable 
temperature.  The  success  of  a  smoke-box  heater  of  practicable 
size  when  dealing  with  either  steam  or  hot  water  was  prima  facie 
evidence  of  the  boiler  being  too  small  for  its  work.  Superheater 
boilers  had  been  designed  in  which  everything  had  been  sacrificed 
to  the  obtaining  of  high  superheat  and  low  steam  consumption, 
without  any  regard  to  the  effect  in  fuel  consumption  of  the 
reduction  in  evaporating  surface.  In  such  cases,  the  addition  of 
a  smoke-box  feed-heater  would  undoubtedly  be  beneficial. 

Mr.  J.  D.  TwiNBERROW  wrote  that  the  standard  eight-wheeled 
engine  of  the  Egyptian  State  Railways  appeared  to  possess  certain 
features  w^hich  rendered  its  performance  particularly  susceptible  to 
improvement  by  the  adoption  of  a  system  of  waste-heat  recovery. 
The  fire-box  was  probably  intended  originally  for  a  low  rate  of 
combustion  corresponding  to  the  development  of  650  i.h.p.  as  a 
maximum  ;  from  the  particulars  given  on  page  391,  it  appeared  that 
the  boiler  had  52  •  6  square  feet  of  direct  heating-surface  per  square 
foot  of  grate  and  25  square  feet  per  ton  weight  of  engine.  These 
proportions  involved  high  smoke-box  temperatures  when  the  rate  of 
combustion  was  forced.  The  addition  of  a  smoke-box  heater  having 
a  surface  of  248  square  feet  brought  the  ratio  up  to  sixty-three  times 
the  grate  area,  the  effectiveness  of  the  surface  being  increased  by 
the  better  temperature  gradient  due  to  series  heating.  In  many 
recent  designs  the  relative  size  of  the  grate  was  much  less  ;  in  some 
cases  its  area  did  not  exceed  one-hundredth  part  of  that  of  the 
heating-surface.  The  barrels  of  such  boilers  might  be  reduced  in 
length  by  one  quarter  without  entailing  appreciable  loss  of  capacity, 
or  alternatively  the  adoption  of  two-stage  heating  would  increase 
the  capacity  per  unit  of  weight.  The  forward  part  of  the  tubes 
was  not  highly  effective  in  transmitting  heat  to  water  at  the  same 
temperature  as  the  steam ;  in  such  cases  the  formation  of  a  feed- 
heating  chamber  by  inserting  a  division  plate  at  some  distance  back 
from  the  smoke-box  tube-plate  might  be  the  most  desirable  method 
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of  applying  a  waste  gas-heater,  even  though  the  surface  thus 
aftbrded  would  measure  about  16  square  feet  to  the  cwt.  as 
compared  with  36  square  feet  given  by  the  authors'  small 
cylindrical  heater.  The  results  recorded  in  the  Paper  suggested 
that  when  the  grate  was  made  sufficiently  large  to  enable  the 
efficiency  of  combustion  to  be  increased  by  a  radical  reduction  in 
the  intensity  of  the  draught,  the  economy  in  working  would  far 
outweigh  the  greater  stand-by  losses. 

The  statement  was  made  (page  354)  that,  when  the  feed  had  been 
raised  to  280°  F.  by  an  exhaust-injector,  additional  feed-heating  was 
impracticable  even  with  waste  gases  ;  this  was  not  quite  in  harmony 
with  the  claim  on  page  357,  to  the  effect  that  the  waste-gas  heating 
system  was  capable  of  communicating  90°  of  superheat  to  the  steam, 
the  initial  temperature  of  which  was  presumably  nearly  380°  F. 

The  difficulty  of  comparing  the  results  obtained  under  actual 
working  conditions,  upon  different  railway  systems,  would  be 
reduced  if  locomotive  engineers  could  agree  upon  some  standard 
method  for  converting  the  actual  ton-mile  into  a  virtual  figure, 
which  would  represent  its  equivalent  upon  a  level  straight  road  at  a 
standard  speed.  The  resistance  per  ton  varied  with  the  gradient, 
curvature,  and  speed.  On  many  railw^ays  the  physical  characteristics 
of  the  route  were  taken  into  account,  for  the  purpose  of  compiling 
mileage  rates,  by  means  of  a  formula  which  converted  the  actual 
length  of  the  route  into  its  equivalent  length  of  straight  and  level 
road.  A  formula  which  was  extensively  used  appeared  as  follows, 
in  British  measures  : — 

T     -  T      \_d+%j)l 

K  -  ^r  +  -26-4" 

where  Ly  is  the  equivalent  length  in  miles  ; 

Jj,.  ,,    ,,   actual  ,,         ,,       ,, 

d     ,,    ,,    difference  of  level  in  feet ; 

2)     ,,    ,,    rise  in  feet  per  mile  equivalent  to  the  resistance 
due  to  curvature  ; 
and  I     „     ,,    lengtli  of  each  curve  in  miles. 

The  relation  })otween  p  and  the  radius  of  curvature  was  given  in 
the  following  Table  :  — 
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Radius  of  curve  in  chains 
Equivalent  grade  in  feet  per  mile 

'  10 

21-8 

20 
10-5 

30 
6-3 

40 
3-9 

50 
2-6 

By  the  use  of  the  virtual  mileage,  and  by  the  employment  of  a 
factor  to  reduce  the  resistance  at  the  observed  speed  to  that  of  its 
value  at  an  agreed  standard  speed,  it  would  be  possible  to  effect  a 
direct  comparison  between  the  performances  of  locomotives  working 
over  diflferent  routes  at  dijS'erent  speeds  and  with  different  loads. 
As  a  comparison  could  be  drawn  between  the  actual  records  made 
by  a  large  number  of  engines  during  periods  of  considerable  length, 


Fig.  51. — Express  Locomotive  conforming  to  English  Loading  Gauges 
fitted  with  Steam  Superheater  and  Feed-water  Heaters. 


FIREBOX   150  SQ.FT. 


TUBES  1500  SO- FT. 


the  result  would  be  of  more  value  than  that  of  a  brief  competitive 
trial  of  single  units. 

Feed-heating  by  means  of  live  steam  as  applied  by  Carroll, 
Mele,  Brunelli,  Lavialle  d'Anglards,  Churchward,  and  others, 
appeared  to  have  been  highly  beneficial  to  the  durability  of  the 
boilers.  Apart  from  the  employment  of  exhaust-injectors,  heating 
by  direct  contact  with  exhaust  steam  had  been  used  with  receivers 
of  various  forms  by  Bouch,  Chiazzari,  Clarke,  and  Lencauchez.  An 
early  adaptation  of  a  small  tubular  heater  was  that  of  Gooch  on  the 
London  and  South  Western  Railway.  More  recent  examples  by 
Gaines,  Weir  and  Caille  and  Potonie  had  a  more  liberal  provision 
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of  surface  with  facilities  for  getting  rid  of  the  soUd  deposits. 
Tubular  heaters  in  the  water-tanks  were  represented  by  the 
arrangements  of  Kirchweger,  Mazza,  Drummond,  etc. 

The  authors  were  undoubtedly  justified  in  their  preference  for 
placing  the  heaters  on  the  pressure  side  of  the  feed  system.  The 
form  and  arrangement  as  described  did  not  appear  to  have  reached 
the  final  stage  of  development.  When  the  overall  dimensions  and 
the  disposition  of  parts  w^ere  determined  by  the  size  of  the  loading 
gauge,  it  would  perhaps  be  desirable  to  consider  some  modifications 
with  a  view  to  simplification  of  detail,  lessened  encumbrance  of 
access  and  of  outlook  and  reduction  of  the  number  of  pieces.  With 
this  end  in  view,  the  writer  had  endeavoured  to  scheme  out  an 
arrangement  representing,  with  a  boiler  pressure  of  160  lb.  per 
square  inch,  an  increase  of  70  per  cent,  on  the  capacity  of  the 
Egyptian  eight- wheeler  and  conforming  to  English  loading  gauges, 
without  in  any  way  attempting  the  maximum  powder  attainable 
within  those  limits.  Fig.  51  indicated  exhaust-steam  chambers  in 
the  form  of  a  flattened  receiver  along  each  side  of  the  boiler  barrel, 
each  containing  a  nest  of  straight  water-tubes  expanded  into  cast- 
iron  headers  of  cellular  form,  providing  connection  in  series  between 
successive  pairs  of  tubes.  The  trailing  header  was  free  to  expand 
within  the  steam-chamber,  whilst  the  leading  header  was  fixed  to 
the  smoke-box  where  provision  was  made  for  attaching  the  feed  and 
exhaust  steam  branches.  The  forward  part  of  the  boiler  barrel 
constituted  the  waste-gas  heater.  The  tubes  were  provided  with 
external  collars,  making  a  water-tight  fit  in  the  holes  of  the 
intermediate  tube-plate  and  providing  clearance  in  the  latter  for 
withdrawing  the  tubes  when  coated  with  adherent  scale.  Baffle 
plates  were  fitted  to  prevent  suspended  water  from  passing  to  the 
steam-pipe  with  the  boiler  steam,  and  the  internal  steam-pipe  was 
shielded  from  contact  with  the  cooler  water  in  the  feed-heating 
chamber.  He  did  not  expect  that  the  heaters  as  proposed  would 
transmit  as  much  heat  per  unit  of  weight  as  those  employed  by  tlie 
authors,  but  they  might  possess  some  desirability  on  the  score  of 
simplicity  and  robustness  of  character. 
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The  Authors,  in  reply  to  the  points  raised  in  the  correspondence, 
wished  to  th<ank  Mr.  Fry  for  his  interesting  contribution  on  the 
loss  in  unbiirnt  fuel  (page  461).  It  was  certainly  a  peculiar  point 
that  the  slope  of  the  logarithmic  lines  w^as  the  same  in  all  the  tests, 
but  that  the  constant  varied  apparently  with  the  class  or  condition 
of  the  coal ;  it  might  be  well  perhaps  to  refer  to  the  correspondence 
on  this  point  in  Engineering  *  so  that  members  might  be  in  a 
position  to  gauge  properly  the  various  points  arising  originally  out 
of  Mr.  Wingfield's  figure  showing  that  loss. 

Nile  water  w^as  of  about  7  degrees  hardness  only.  During  the 
trials  with  the  high-feed  temperatures,  water  was  used  from  wells 
at  Rod-el-Farag  and  that  had  a  hardness  of  about  23  degrees. 
Tenders  were  filled  with  that  water  at  Cairo ;  at  other  watering 
stations  for  Alexandria  trains  (on  which  line  most  of  the  tests  were 
made,  and  the  heater  engines  used),  Nile  water  was  employed. 
The  question  of  lubrication  was  discussed  on  page  386.  No  change 
was  involved  with  moderate  superheat. 

Mr.  Manson's  account  of  his  experience  was  a  welcome 
contribution  (page  464).  On  the  Egyptian  State  Railways  it 
had  not  been  found  necessary  to  reduce  the  blast-pipe  top  as 
Mr.  Manson  had  done.  The  reverse  had  been  the  case.  That 
was  probably  due  partly  to  the  much  larger  branch  passages  and 
heaters  on  the  Egyptian  State  Railways  engines,  while  the  smoke- 
box  arrangement  most  likely  also  had  some  bearing  on  that  point. 

Mr.  Metcalfe's  remarks  (page  467)  impKed  that  the  authors  had 
only  mentioned  one  type  of  exhaust-steam  injector,  and  that  a 
discarded  pattern.  That  was  not  so.  The  type  first  mentioned 
on  page  354  was  still  in  use,  though  perhaps  no  longer  manufactured 
in  view  of  the  introduction  of  the  later  pattern  mentioned  by 
Mr.  Metcalfe,  and  also  mentioned,  it  should  be  noted,  by  the 
authors  on  pages  354-5.  So  far  as  they  were  concerned,  the  only 
improvement  in  the  later  type  consisted  in  the  fact  that  the  final 
delivery  temperature  was  195°  F.  instead  of  280°  F.  with  the  older 
pattern.     Further  feed-heating  (by  the  smoke-box  gases)  was  thus 

*  Vol.  xcv,  pages  564,  679.. 
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practicable  with  the  later  type.    Apart  from  that,  the  types  presented 
but  little  diflference.     Although  the  efficiency  of  the  steam-jet  had 
been   increased   in   the   later   pattern,    the   authors   believed   that 
improvement  to  be  of  comparatively  small  consequence,  the  thermal 
position    (that   is,  the   amount  of   B.Th.U.  to  be  provided  in  the 
boiler)  being  very  much   the   same   for   both    types   according   to 
figures    supplied    by   the    makers.       Mr.    Metcalfe    regarded    the 
exhaust-injector   as  a  small  condenser,  by  the   use  of   which    the 
cylinder  back-pressure  was  reduced.     A  similar  argument  applied 
to  the    use  of   the    exhaust-steam   heaters,  and  judging  from  the 
temperatures  obtained,  to  at  least  an  equal  degree.     One  was,  of 
course,  a  jet  condenser  and  the    other  a  surface  condenser.      The 
exhaust-steam  injector  required  10  lb.  back  pressure  or   more   in 
the  cylinders  to  deliver  against  190  lb.  boiler  pressure.     That  was 
a  much  higher  pressure  than  had  ever  been  found  in  the  exhaust- 
steam    heater    ducts  on  the  Egyptian    State    Railways.      On    the 
heater  engines  described  in  the  Paper,  larger  blast-pipe  tops  were 
used  than  on  the  non-heater  engines,  while  from  the  discussion  it 
appeared  that,  on  the  other  hand,  it  was  often  necessary  to  reduce 
the    blast-pipe  top   if   the   exhaust-steam   injector   were   used,  to 
compensate  for  the  steam  withdrawn.     Mr.  Metcalfe's  comparison 
of  weights  was  erroneous.     The  exhaust-injector  heated  the  feed  by 
waste  products  to  about  180°-190°  F.      The  type  B  arrangement 
of  the  Paper  gave  feed  temperatures  of   210°   F.  in    conjunction 
with  90°  F.  superheat,  or  alternatively  feed  temperatures  of  280°- 
290°  F.     It  was  therefore  of  much  greater  thermodynamic  value 
than  the  exhaust-steam  injector.      Further,  the  weight  given  for 
the  type  B  arrangement  (3*75  tons)  included  a  trimming  slab  of 
30  cwt.,  placed  at  the  trailing  end  of  the  engine,  so  that  the  bald 
comparison  made  in  Mr.  Metcalfe's  comment  was  less  than  half  a 
truth.     No  trouble  had  arisen  from  the  wear  of  check- valves. 

The  authors  thanked  Mr.  Roid  for  his  remarks,  especially  upon 
the  question  of  weight,  witli  which  they  heartily  concurred. 

The  present  was  not  an  occasion  on  which  to  discuss  the 
reliability  or  otherwise  of  the  100  odd  consistent  tests  recorded 
in   the   St.    Louis    report.       That   occasion   arose,   so   far   as   the 
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Institution  was  concerned,  in  1908,  when  Mr.  Fry's  very  careful 
analysis  of  them  was  laid  before  members  for  discussion  and 
criticism.  It  would  suffice  to  say  that  they  were  now  very 
generally  accepted ;  they  were  consistent  among  themselves,  and 
agreed  qualitatively  with  the  results  of  the  work  at  Purdue.  If 
opinions  were  to  be  pitted  against  recorded  facts  the  authors 
would  prefer  to  abide  by  the  latter,  but  it  would  be  of  some 
interest  (howbeit  rather  late  to  do  so)  if  Mr.  Rowland  would 
submit  to  the  Institution  for  discussion,  a  Paper  embodying  his 
criticism  of  the  tests  and  his  theories  as  to  what  locomotive-boiler 
performance  ought  to  be.  Whatever  might  be  his  opinion 
regarding  the  relative  value  of  the  various  losses,  the  boiler 
efficiency  curves  on  which  most  of  the  argument  of  the  Paper 
rested,  were  beyond  criticism.  The  work  done  which  they  showed 
was  easily  checked. 

It  was  difficult  to  see  why  Mr.  Rowland  should  reason  that  the 
blast-pipes  on  the  heater  engines  might  be  too  small  if  the  exhaust 
heaters  were  out  of  use,  when  the  authors  had  shown  the  heater- 
engine  blast-pipes  to  be  actually  larger  than  those  of  the  non-heater 
engines.  The  authors  did  not  agree  that  additional  surface  in  the 
ordinary  boiler  barrel  was  preferable  to  extra  surface  in  a  heater. 
As  Mr.  Twinberrow  had  pointed  out,  transmission  was  better  in 
the  heater,  owing  to  series  heating,  and  improvement  was  secured 
for  less  weight  for  the  steam  generator,  a  fact  which  designers 
would  be  seen,  from  Mr.  Reid's  remarks,  to  appreciate.  The  authors 
failed  to  see  how  Mr.  Rowland  would  propose  to  utilize  the  heat  in 
the  smoke-box  gases  for  superheating,  in  an  engine  already  fitted 
with  a  smoke-tube  superheater.  It  could  no  doubt  be  done, 
but  it  would  be  complicated  and  there  would  seem  to  be  little 
purpose  in  attempting  it ;  on  such  an  engine  the  authors  preferred 
feed-heating  by  the  waste  gases. 

With  regard  to  Mr.  Twinberrow's  contribution  (page  473),  it 
should  be  stated  that  the  highest  average  feed  temperatures  recorded 
ran  to  about  294'^  F.  in  the  Egyptian  State  Railways'  experience. 
If  feed  already  at  a  high  temperature  were  supplied  to  the  heaters, 
the  reduced  temperature-head  did  not  seem  to  give  promise  of  the 
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process  being  very  effective.  In  superheating,  the  tr<ansinission 
may  have  been  more  effective,  due  to  greatly  increased  speed  of 
flow  of  the  steam  among  the  tubes ;  the  steam  and  water  heaters 
differed  in  the  number  of  diaphragms  they  contained.  The  authors 
thanked  Mr.  Twinberrow  for  having  included  his  interesting  scheme 
in  his  remarks.  They  did  not  pretend  that  finality  had  been 
reached  in  the  apparatus  they  had  described.  Neither  had  they 
attempted  to  cover  the  whole  subject  as  developed  by  others,  but 
had  endeavoured  rather  to  show  that  the  principles,  on  which  work 
of  the  kind  was  based,  had  been  sound,  and  that  the  results 
obtained  with  the  apparatus  described  were  consistent  with  what 
would  be  expected  from  deductions  combining  as  far  as  possible 
theory  and  practice. 


Additional  Note  by  Mr.  F.  H.  Trevithick. 

Mr.  F.  H.  Trevithick  subsequently  added  the  following 
information.  Figs.  52  to  54,  Plate  9,  illustrated  the  arrangements 
foreshadowed  by  Fig.  39  (page  400).  They  showed  by  means  of 
models  the  heater  and  its  attachments  carried  by  a  straight-backed, 
double-winged  casting,  swinging  between  a  top  and  a  bottom 
support,  the  former  maintaining  the  alignment,  and  the  latter 
supporting  the  weight.  The  top  support  consisted  of  a  casting 
rotating  between  two  fixed  angle-plates  bolted  to  the  smoke-box 
front  plate.  The  bottom  support  was  formed  by  the  exhaust 
steam-pipe  which  was  divided  into  a  moving  and  a  fixed  portion, 
the  former  rotating  on  balls  within  the  latter  which  was  bracketed 
to  the  engine-frame.  To  make  good  the  passage  of  the  steam 
from  the  cylinders  to  the  blast-nozzle,  a  chamber  was  provided 
within  the  swinging  casting  into  which  the  steam  was  discharged 
and  from  which  it  was  conveyed  to  the  nozzle,  whilst  a  small  hole 
guarded  against  the  accumulation  of  water  within  it. 

The  heater  was  carried  between  the  recess  in  the  front  wing  of 
the  casting,  and  the  smoke-box  door-plate  which  was  bolted  to  the 
back    wing   of    the   ctisting,  and    provided    with   an   angle,    or,   if 
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preferable,  a  flanged  plate,  which  made  good  the  smoke-box  joint ; 
this  door-plate  was  the  only  portion  of  the  arrangement  that  was 
subjected  to  the  wear  and  tear  of  the  smoke-box  gases.  To  the 
door-plate  was  bolted  an  angle-ring  in  two  halves,  wliich  gripped 
the  heater  and  fixed  it  by  the  aid  of  a  couple  of  studs.  The  heater 
had  an  inlet  and  an  outlet  seating  with  which  the  screwed  ends  of 
the  intermediate  flanged  pipes  made  water-  or  steam-tight  joints. 
The  flanged  ends  made  good  the  connection  between  the  heater  and 
the  double-chambered  casting  that  was  supported  from  the  smoke- 
box  front-plate.  Within  these  chambers  the  pipes  rotated  and 
made  water-  or  steam-tight  joints  by  the  usual  form  of  stuffing-box. 

Figs.  52  and  53,  Plate  9,  showed  the  ejeotor-pipe  divided  into 
two  portions,  one  of  which  was  fixed  at  one  end  to  the  smoke-box 
door-plate,  the  other  end  piercing  the  chimney,  whilst  the  other 
portion  led  from  the  boiler  to  the  smoke-box  front  plate  which  it 
pierced.  The  proximal  ends  were  ooned,  and  thife  a  joint  was 
formed  when  the  smoke-box  was  closed. 

Fig.  54  showed  the  blower  pipe  also  divided  into  two  portions, 
the  one  supplying  steam,  when  desired,  to  a  chamber  within  the 
rotating  casting,  and  the  other  carrying  it  on  to  the  blower. 
The  doors  seen  in  the  photograph  were  for  boxing  in  the  external 
portions  of  the  arrangement. 

The  spark-arrester  consisted  of  a  wire-netting  sieve  which 
encircled  the  portion  of  the  heater  projecting  beyond  the  smoke -box 
door-plate.  The  back  face  was  hinged  to  allow  of  access  to  the 
heater  tubes,  and  the  bottom  strip  of  netting  was  of  larger  mesh 
than  the  rest  to  guard  against  the  accumulation  of  ashes  within  the 
sieve. 

The  by-pass,  previously  used  for  passing  the  gases  direct  to  the 
chimney  during  the  process  of  raising  steam,  was  unnecessary  with 
the  heater  placed  opposite  to  the  boiler  tubes  and  in  the  line  of  the 
natural  and  direct  flow  of  the  gases  to  the  atmosphere. 

Fig.  52  showed  the  exhaust-steam  heater  encased  in  a  cast-iron 
shell ;  the  shell,  not  the  heater,  was  connected  to  the  engine 
cylinders.  It  also  showed  a  small-bore  pipe  connected  to  both 
ends  of  the  shell,  whilst,  belew  it,  a  larger  pipe  led  from  the  rear 
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end  of  the  heater.  These  pipes  conveyed  the  water  of  condensation, 
which  was  greasy,  to  the  rear  of  the  engine  ;  the  smaller  one  being 
at  all  times  open  to  the  atmosphere,  whilst  the  larger  one  was 
open  or  closed  as  desired.  Thus  there  could  be  no  accumulation  of 
water  under  any  conditions.  An  ordinary  tumbler-cock  with  lever 
and  rod  was  fitted  to  the  larger  pipe  and  a  second  cock  was  fitted  to 
the  adjacent  pipe  connecting  the  larger  pipe  to  the  boiler.  These 
cocks  were  automatically  worked  by  the  action  of  the  engine- 
regulator  handle  so  as  to  open  the  first  and  close  the  second  when 
the  regulator  was  open,  and  vice  versa  when  it  was  closed,  thereby 
changing  the  drain-pipe  into  a  steam-pipe  for  maintaining  the 
desired  tempei^ature  of  the  water  within  the  heater.  The  use  of 
the  drain-pipe  as  a  steam-pipe  allowed  of  the  continuous  working  of 
the  pump  from  start  to  finish  of  the  run,  thus  minimizing,  to  the 
fullest  extent,  the  work  of  the  engine  crew,  as  the  pump  required 
no  attention  other  than  an  occasional  increase  or  decrease  in  its 
speed  to  suit  the  varying  conditions  of  the  road.  One  injector  was 
maintained  as  a  stand-by. 

Figs.  55  and  56  compared  the  combination  of  high-degree 
feed-heating  and  high-degree  superheating  with  the  combination 
of  moderate- degree  feed-heating  and  moderate-degree  superheating. 
The  exhaust-steam  heater  was  similar  in  both  cases,  but  in  the 
latter  combination  the  water  was  passed  direct  to  the  boiler,  and 
pipes  of  a  size  suitable  for  passing  the  steam  through  the  smoke- 
box  heater  replaced  those  used  for  water. 

Figs.  57  and  58  illustrated  the  arrangement  cased  in,  so  as  to 
present  an  appearance  more  in  keeping  with  the  usual  form  of 
smoke-box.  The  casing  was  in  one  piece ;  its  front  was  studded 
to  the  front  of  the  lieater  smoke-box  which  was  provided  with 
a  flange  for  the  purpose,  whilst  its  rear  edge  was  bolted  to  an 
angle-ring  attached  to  the  edge  of  the  smoke-box  door-plate  which 
was  suitably  enlarged.  Witli  tlio  casing  in  position,  the  cliimney 
was  dropped  into  its  seating  on  the  heater  smoke-box,  and  by  the 
aid  of  nil  intermediate  flange  was  secured  by  studs  to  tlio  casing. 
Fig.  50  illustnited  the  end  view  of  the  arrangement,  uiicasoi], 
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PROCEEDINGS. 


18th  April  1913. 


An  Ordinary  General  Meeting  was  held  at  the  Institution  on 
Friday,  18th  April  1913,  at  Eight  o'clock  p.m. ;  Sir  H.  Frederick 
Donaldson,  K.C.B.,  President,  in  the  Chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  Committee  appointed  by  the 
Council,  and  that  the  following  seventy-eight  candidates  were 
found  to  be  duly  elected  : — 


members. 


Davidson,  Charles  Smith, 
Mitchell,  Percy  Jose, 
Taylor,  Neil, 


London. 
London. 
Leeds. 


associate  members. 

Aitken,  Arthur  James,    . 
Allison,  William  Francis  Dudley, 
Arunachelayer,  T.  K.,     . 
Brown,  William  Pringle, 
Buckley,  Clifford  Laud, 
Cameron,  Thomas  Mitchell, 


Erith. 
Lagos. 
Mysore. 
London. 
London. 
Motherwell. 
2  L  2 
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ELECTION    OF    MEMBERS. 


IH  April  lOl;]. 


Cann,  Ciiaeles  Edwyn, 
Cliffe,  Waltox, 
Criciitox,  Johx  Arthur,  . 
Edwards,  James  Regixald, 
Embley,  Arthur  Stephen, 
Feloy,  Joseph  Pascall,    . 
Gardixer,  James,     . 
Gray,  William  Hexderson, 
Green,  George  Wilfrid  Acland, 
GuiLLEMiN,  Charles  Victor  Henry, 
Gullex,  William  Brettell, 
Harrisox,  Charles  Westerman, 
Hibbert,  John  Percy  Maghull. 
Kingston,  William  Halcot, 
HuMM,  George  Herbert, 
Ingham,  John  Henry, 
Jenkins,  Donald  Nisbet, 
Landon,  Ralph  Whittington,    . 
Larkin,  George  Frederick. 
Leach,  Bernard  Harry,  . 
Lee,  George  Allen, 
Lester,  William  Henry  Dalgleish, 
LoGiE,  David  Garfield,    . 
LoxDALE,  James  Joseph  Hugh,  . 
Mallock,  Roger  Champernowne, 
Mansell,  Laurence  Thomas  Geofgf, 
Mattick,  Victor  Alexander,    . 
MoLYNEux,  William, 
Rankine,  William, 
RiCKWooD,  Henry  John,  . 
Rogers,  Gerald  Douglas, 
Rudgard,  Harold,  . 
Schuster,  Frederick  Maria  Nichol 
Shebbeare,  Francis  Wolfe, 
Smith,  Sydney  Abbott, 
Strong,  Henry, 


London. 

Clecklieaton. 

London. 

Dublin. 

Hull. 

London. 

St.  Helens. 

Southampton. 

Iquique. 

Paris. 

London. 

Worcester. 

Tilbury. 

London. 

Loughborough. 

London. 

London. 

Manchester. 

London. 

Dunkirk. 

Southland,  N.Z. 

Newbury. 

Liverpool. 

Haslemere. 

London. 

London. 

Buenos  Aires. 

Minas  Gerai^s. 

London. 

London. 

Manchester. 

Derby. 

London. 

Gloucester. 

London. 

Hull. 
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m 


Tremearxe,  William  Crew, 

TuppEx,  Gerard  Lee, 

Ward,  William  Arthur, 

Webb,  Harold,        .... 

Westwood,  Ernest  Herbert  Wyndham, 

Wilson,  Ewain  Murray,  . 

Wright,  Hugh,        .... 

Wright,  Thomas  Harold, 


Singapore. 

London. 

Sheffield. 

London. 

Melbourne. 

Bulawayo. 

London. 

London. 


graduates. 

Ahmed,  Mohamed,    . 

Armfield,  Joseph  Harold, 

Bates,  George  Edward,    . 

Bullivant,  Trevor, 

Crowden,  John  Cartwright  Trigue, 

Ellingham,  Ernest  Harry, 

Farr,  Lionel, 

Houston,  Thomas  Ralph, 

How,  Stanley  Murdoch,  . 

Howard,  Ernest  James,   . 

Jamieson,  John  Andrew,  . 

Johnson,  Gilbert  King,   . 

Layard,  Arthur  Raymond, 

Lester,  Norman  Harrington  Reader, 

Maul,  Gerald  Broughton, 

NOSRAT,  MOSTAFA  RaDWAN, 

Odell,  Roy  Foster, 
OssoRio,  Jesus  Jose, 
Rahman,  Faz-lur,    . 
Robinson,  Eric  Arthur, 
Seed,  Percy  William, 
Stanbury,  Leonard  Oscar, 
Vandell,  Henry  Ivanhoe, 
WiTTEN,  Thomas  Adams, 
Woodward,  George  Derrick, 


Glasgow. 

Ringwood,  Hants. 

Newcastle-on-Tyne. 

London. 

Doncaster. 

Doncaster. 

Doncaster. 

London. 

Glasgow. 

Bedford. 

Preston. 

Bedford. 

London. 

Brighton. 

London. 

Glasgow. 

Guildford. 

Newton-le- Willows. 

Liverpool. 

Crewe. 

Preston. 

London. 

North  Woolwich. 

Birkenhead. 

Southampton. 


486 


a:RANSB*ERENCES. 


18  April  l9ld. 


The     President     announced     that     the      following     thirteen 
Transferences  had  been  made  by  the  Council : — 


Associate  Memhers 

Atkins,  Harry  Frederick, 
Attock,  Frederick  William,   . 
Blake,  Andrew  William, 
FoRSTER,  Andrew,   . 
McCallum,  Edward  Alfred,   . 
MacLexnan,  Alexander, 
McTurk,  Alexander  Gladstone, 
Malpas,  Arthur  Ernest, 
Mosden,  Frederick  Charles,  . 
Roose,  FitzRoy  Owen  Jonathan, 
Shaw,  Cyril  Morley, 
Spencer,  Henry  Wilmot, 
Sutcliffe,  Ingham, 


to  Memhers. 

Colchester. 

Horwich. 

London. 

Cowes.  ' 

Gurieff,  Russia. 

Singapore. 

Gold  Coast  Colony 

Odda,  Norway. 

Calcutta. 

Sao  Paulo. 

Worcester. 

London. 

Londonderry. 


The  President  then  delivered  his  Inaugural  Address. 


The  Meeting  terminated  at  a  Quarter  past  Nine  o'clock.     The 
attendance  was  118  Members  and  34  Visitors. 
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ANNIVERSARY   DINNER. 

The  Anniversary  Dinner  of  the  Institution  was  held  at  the 
Hotel  Cecil,  Strand,  London,  on  Thursday  evening,  17th  April 
1913.  The  President  occupied  the  Chair;  and  the  following  were 
among  the  Guests  who  accepted  the  invitations  sent  to  them : — 

War  Office:  The  Right  Hon.  Colonel  J.  E.  B.  Seely,  D.S.O 
M.P.,  Secretary  of  State  for  War;  Mr.  H.  J.  Tennant,  M.P., 
Parlimentary  Under  Secretary  of  State;  Mr.  Harold  T.  Baker, 
M.P.,  Financial  Secretary  of  the  Army  Council ;  Colonel  Sir  E.  W.  D. 
Ward,  K.C.B.,  K.C.V.O.,  Permanent  Under  Secretary  of  State; 
Major-General  S.  B.  Von  Donop,  Master-General  of  the  Ordnance ; 
Major-General  Sir  Charles  F.  Hadden,  K.C.B.,  President,  Ordnance 
Board ;  Brigadier- General  H.  Guthrie  Smith,  Director  of  Artillery ; 
Major-General  G.  K.  Scott-Moncrieff,  C.B.,  C.I.E.,  Director  of 
Fortifications  and  Works ;  Mr.  H.  D.  De  la  Bere,  C.B.,  Director 
of  Contracts ;  Colonel  A.  W.  Robin,  C.B.,  C.M.G.,  New  Zealand 
Staff  Corps. 

WoolicicJi  Arsenal:  Colonel  Sir  H.  W.  W.  Barlow,  Bart.,  R.A., 
Superintendent,  Royal  Laboratory;  Lieut.-Colonel  C.  P.  Martel, 
R.A.,  Superintendent,  Royal  Gun  and  Carriage  Factories ;  Lieut.- 
Colonel  J.  H.  Mansell,  R.A.,  Chief  Inspector ;  Lieut.-Colonel  H.  R. 
Adair,  R.A.,  Military  Assistant  to  Chief  Superintendent ;  Major 
N.  M.  Hemming,  R.E.,  Superintendent,  Building  Works 
Department;  Mr.  J.  T.  La  Brooy,  Civil  Assistant  to  Chief 
Superintendent. 

Admiralty:  Rear- Admiral  F.  C.  T.  Tudor,  Director  of  Naval 
Ordnance  and  Torpedoes ;  Rear- Admiral  A.  W.  Waymouth, 
Director  of  Naval  Equipment;  Mr.  F.  W.  Black,  C.B.,  Director 
of  Navy  Contracts ;  Captain  Barrington  H.  Chevallier,  R.N., 
Superintendent  of  Ordnance  Stores. 

The  Right  Hon.  Herbert  L.  Samuel,  M.P.,  Postmaster- General ; 
The  Rev.  the  Master  of  Magdalene,  D.D.,  Vice-Chancellor, 
University  of  Cambridge ;  The  Mayor  of  the  City  of  Westminster, 
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Alderman  H.  Lyoii  Thomson ;  Sir  Henry  J.  Gibson,  K.C.B., 
Comptroller  and  Auditor-General;  Sir  Robert  Hunter,  K.C.B., 
Solicitor,  Post-Office ;  The  Master  Cutler,  Mr.  J.  Rossiter  Hoyle ; 
Lieut.-Colonel  Sir  H.  Arthur  Yorke,  C.B.,  R.E.,  Chief  Inspecting 
Officer  of  Railways ;  Sir  Henry  H.  Tanner,  C.B.,  I.S.O.,  Architect, 
H.M.  Office  of  Works ;  Sir  J.  Wolfe  Barry,  K.C.B.,  Prime  Warden, 
Goldsmiths'  Company ;  Sir  George  Gibb,  Chairman,  Road  Board ; 
Captain  H.  Acton  Blake,  Deputy  Master,  Trinity  House  ;  Mr.  F.  W. 
Dyson,  F.R.S.,  Astronomer  Royal ;  Mr.  E.  B.  Barnard,  Chairman, 
Metropolitan  Water  Board ;  Mr.  W.  Temple  Franks,  Comptroller- 
General,  Patent  Office;  *Sir  Alexander  R.  Stenning;  Dr.  R.  T. 
Glazebrook,  C.B,,  F.R.S.,  Director,  National  Physical  Laboratory ; 
Mr.  J.  Bell  White,  Master  Shipwrights'  Company;  Mr.  W.  H. 
Francis,  Mayor  of  Cambridge. 

Colonial  Bepresentatives :  The  Right  Hon.  Sir  George  H. 
Reid,  G.C.M.G.,  High  Commissioner,  Commonwealth  of  Australia. 
Agents-General :  The  Hon.  Str  Newton  J.  Moore,  K.C.M.G. 
(Western  Australia)  ;  Major  Sir  Thomas  B.  Robinson  (Queensland) ; 
The  Hon.  A.  A.  Kirkpatrick  (South  Australia) ;  Mr.  T.  G.  White 
(Secretary,  New  South  Wales). 

Presidents  of  Technical  Institutions :  Mr.  R.  Elliott-Cooper  (The 
Institution  of  Civil  Engineers);  Mr.  William  Duddell,  F.R.S. 
(The  Institution  of  Electrical  Engineers) ;  Mr.  Arthur  Cooper 
(Iron  and  Steel  Institute) ;  Mr.  W.  E.  Garforth  (Institution  of 
Mining  Engineers);  Major  E.  H.  Hills,  O.M.G.,  F.R.S.  (Royal 
Astronomical  Society);  The  Hon.  Edward  G.  Strutt  (Surveyors' 
Institution) ;  Professor  T.  A.  Hearson  (Chartered  Institute  of 
Patent  Agents) ;  Dr.  Edward  lEopkinson  (Manchester  Association 
of  Engineci-s) ;  Mr.  P.  C.  Cowan,  D.Sc.  (Institution  of  Civil 
Engineers  of  Ireland) ;  Professor  W.  H.  Watkinson  (Liverpool 
Engineering  Society) ;  Mr.  Arthur  Valon  (Society  of  Engineers) ; 
Dr.  Rudolph  Messel,  F.R.S.  (Society  of  Chemicjil  Industry) ; 
Mr.  T.  B.  Browne  (Institution  of  Automobile  Engineers). 

Mr.  R.  W.  Dana,  Secretary,  Institution  of  Naval  Architects ; 
Mb.  G.  C.  Lloyd,  Secretary,  Iron  and  Steel  Institute ;  Mr.  P.  F. 
Rowell,  Secretary,  InstitiKtion  of  Electrical  Engineers ;  Mr.  Leslie 
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S.  Robertson,  Secretary,  Engineering  Standards  Committee ;  Mr.  E. 
W.  Moss,  Chairman,  Graduates'  Association;  Mr.  E.  B.  W. 
Maitland,  Hon.  Secretary,  Graduates'  Association. 

Mr.  J.  Wemyss  Anderson,  M.Eng. ;  Professor  E.  G.  Coker, 
D.Sc,  F.R.S.E.';  *Mr.  P.  J.  Cowan;  Professor  W.  E.  Dalby ; 
Professor  William  Gowland,  F.R.S. ;  Mr.  J.  H.  Grindley,  D.Sc. ; 
Mr.  F.  W.  Harbord ;  Professor  J.  B.  Henderson,  D.Sc. ;  Professor 
Bertram  Hopkinson,  F.B.S. ;  Mr.  W.  H.  Hyde,  General  Manager, 
Great  Eastern  Railway ;  Mr.  Bryan  Johnson ;  Mr.  T.  S.  Purdie  ; 
Mr.  A.  E.  Leigh  Scanes ;  Mr.  James  G.  Stewart;  Mr.  F.  H. 
Trevithick. 

The  President  was  supported  by  the  following  Members  of  the 
Council : — Past  -  President :  Mr.  Edward  B.  Ellington.  Vice- 
Presidents:  Sir  J.  Wolfe  Barry,  K.C.B.,  LL.D.,  F.R.S. ;  Dr.  W. 
Cawthorne  Unwin,  F.R.S.  Members  of  Council:  Mr.  William  H. 
Allen;  Sir  Robert  A.  Hadfield,  D.Sc,  F.R.S.;  Dr.  H.  S.  Hele- 
Shaw,  F.R.S. ;  Dr.  Edward  Hopkinson ;  Mr.  J.  Rossiter  Hoyle ; 
Mr.  George  Hughes;  Mr.  William  H.  Patchell ;  Mr.  Mark  H. 
Robinson ;  Captain  H.  Riall  Sankey,  R.E.,  ret. 


After  The  President  had  proposed  the  loyal  toasts,  Dr.  W. 
Cawthorne  Unwin,  F.R.S.,  Vice-President,  proposed  that  of  "  Our 
Guests." 

The  Right  Hon.  Herbert  Samuel,  M.P.,  Postmaster- General, 
responding  to  the  toast,  said  that  the  Post  Office  had  an  engineering 
plant  worth  about  c£30,000,000,  and  on  engineering  work  alone  over 
.£5,000,000  was  spent  each  year.  In  London  there  were  fifty  miles 
of  pneumatic  tubes  under  the  streets.  The  British  Post  Office 
would  be  the  first  in  the  world  to  have  entirely  for  its  own  use  a 
tube  railway  six  miles  in  length,  running  through  the  Metropolis, 
from  Paddington  to  Whitechapel.  It  would  cost  a  million  pounds 
and  would  be  devoted  entirely  to  the  carriage  of  mails  and  parcels. 
The  trucks  would  be  without  drivers.     At  the  various  stations  the 
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mails  would  be  dropped  through  a  hole  in  the  platform  and 
mechanically  conveyed  on  an  endless  band  to  lifts,  and  then 
deposited  on  the  sorting  tables.  The  streets  of  London  would 
thereby  be  relieved  of  a  considerable  amount  of  traffic.  There 
would  generally  be  a  great  speeding  up  of  mails,  and  an  automatic 
telephone  would  at  no  very  distant  date  replace  the  manual 
telephone  exchanges.  After  all,  he  regarded  the  Engineer  as  the 
central  figure  of  our  modern  civilization,  and  one  who  was  changing 
the  face  of  the  world.  If  Britain  was  to  hold  her  own  on  sea  and 
land,  whether  in  defence  or  industry,  it  was  upon  the  Engineer 
she  must  mainly  depend. 

The  Right  Hon.  Sir  George  H.  Eeid,  G.C.M.G.,  High 
Commissioner  for  the  Commonwealth  of  Australia,  who  also 
responded,  said  that  Australians  had  taken  up  the  question  of 
defence  very  earnestly.  Referring  to  the  shortage  in  the  Territorial 
ranks,  he  remarked  that  there  ought  to  be  patriotism  enough  in 
England  to  make  up  the  requisite  50,000  volunteers. 

The  Right  Hon.  Colonel  J.  E.  B.  Seely,  D.S.O.,  M.P., 
Secretary  of  State  for  War,  proposing  the  toast  of  "  The  Institution 
of  Mechanical  Engineers,"  referred  to  a  remarkable  series  of  articles 
by  Mr.  H.  G.  Wells,  which  pointed  out,  quite  truly,  he  believed, 
that  victory  in  the  wars  of  the  future  would  not  be  only  with  those 
who  had  the  greatest  number  of  men,  but  with  those  who  could 
apply  the  best  brains  to  the  problem  of  war.  It  was  on  the 
Engineer  they  relied.  The  man  who  could  devise  a  new  type  of 
breech-loading  gun  with  a  new  form  of  recoil  mechanism  might  do 
more  for  his  country,  if  it  were  forced  into  war,  than  the  man  who 
brought  thousands  of  men  to  the  colours.  Mechanical  engineers 
were  the  people  who  might  devise  some  new  metal  of  great  tensile 
strength  and  yet  of  remarkable  lightness,  which  would  completely 
alter  the  whole  problem  of  the  navigation  of  the  air.  We  were  an 
extraordinarily  mechanical  people,  and  had  invented  so  many 
methods  of  locomotion  that  peoph;  liated  to  walk.  Tliat  was  the 
reason  for  the  shortage  of  our  liome  defence  forces.     ]ii  war,  people 
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had  to  make  sacrifices  of  their  bodies  and  walk  in  the  service  of 
their  country. 

The  President,  responding  to  this  toast,  pointed  out  the 
growth  of  the  Institution,  which  now  consisted  of  over  6,000 
members.  He  dwelt  upon  the  readiness  of  the  Profession  and  the 
Institution  to  place  the  highest  quality  of  assistance  at  the  disposal 
of  the  Government  of  the  day  and  of  the  whole  Trade  of  the 
country.  , 


I 
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ADDRESS  BY  THE  PRESIDENT, 

Sir  H.  FEEDERICK  DONALDSON,  K.C.B. 

The  construction  of  a  Presidential  Address  fit  to  do  justice  to 
the  office  which  calls  for  it  and  to  the  Institution  before  whom  it 
has  to  be  given  is,  to  me  at  least,  a  work  of  great  anxiety, 
coupled  as  it  is  with  the  feeling  of  responsibility  of  which  all  must 
be  conscious.  My  predecessors  who  held  the  high  office  I  now 
have  the  honour  to  fill  have  been  men  of  great  ability,  and  they 
have  had  moreover  some  advantages  in  approaching  their  task 
which  are  denied  me,  for  they  had  wider  possibilities  in  the  area 
of  the  choice  of  the  particular  subject  with  which  they  elected 
to  deal.  I  feel  however  on  safe  ground  when  I  venture  again 
to  tender  my  grateful  thanks  for  the  honour  done  to  me  by  my 
election  to  the  honourable,  though  arduous  position  of  President  of 
this  great  Institution,  and  I  can  assure  you  that,  in  accepting  the 
position,  I  am  actuated  by  the  keenest  desire  to  so  comport  myself 
in  the  conduct  of  its  affairs  that  its  interests  may  be  safeguarded, 
its  progress  assiduously  forwarded,  and  its  prosperity  if  possible 
increased  by  every  effort  I  can  exert  in  those  directions. 

With  this  as  my  guiding  principle,  I  desire  first  to  direct 
attention  towards  the  consideration  of  some  internal  matters,  where 
as  it  has  seemed  both  to  the  Council  in  the  past,  and  to  me  in  the 
present,  some  advantages  may  be  obtained  by  additions,  modifications, 
and  it  may  be  even  alterations,  in  current  practice.  I  propose  then 
to  deal  m*re  particularly  with  some  aspects  of  the  educational 
system,  the  thorough  appreciation  of  which  I  regard  as  of  paramount 
importance  for  the  future  well-being  of  the  Engineering  Profession 
as  a  whole  and  of  the  prosperity  of  this  Institution  in  particular. 
[The  I.Mech.E.] 
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The  first  point  of  internal  interest,  on  winch  I  will  say  a  few 
w^ords,  has  reference  to  what  may  be  called  facilities  to  Country 
Members, 

As  mentioned  in  the  last  Annual  Report,  inquiries  as 
to  suggested  methods  of  securing  such  advantages  were  made 
practically  throughout  the  whole  country.  The  responses  to 
these  inquiries  were  neither  overwhelmingly  favourable  nor 
overwhelmingly  adverse,  and  the  conclusion  the  Council  had  to  come 
to  was  that  they  could  not  usefully  commit  the  Institution  to  the 
adoption  either  in  whole  or  in  part  of  the  proposed  methods  for 
securing  the  contemplated  advantages.  This  included  the  suggested 
inauguration  of  ofiicial  Institution  Dinners  to  be  held  from  time  to 
time  in  various  country  centres. 

Though  I  entirely  agree  with  the  conclusion  arrived  at,  I 
regretted  and  still  regret  the  result,  because  I  had  been  trying  to 
formulate  methods  to  attain  the  object  in  view  long  before  the 
subject  was  mooted  at  the  Annual  General  Meeting  in  1912. 
I  am  however  not  without  hope  that  the  future  may  produce 
some  means  by  which  the  desired  objects  may  be  attained,  and  I 
venture  to  suggest  a  step  in  that  direction  which  may  possibly 
bear  fruit. 

The  prospective  support  for  official  Institution  Dinners  at 
country  centres  was,  as  mentioned,  inadequate  to  warrant  their 
inauguration,  but  I  cannot  help  thinking  that  the  introduction  of 
local  Dinners  might  be  organized  on  unofficial,  or  semi-official  lines  by 
Members  in  their  district,  and  that,  in  a  way  in  which  the  President 
and  Members  of  Council  for  the  time  being  might  co-operate.  There 
is  no  doubt  that  the  asseml)ly  at  Dinner,  of  men  interested  in 
similar  thouglit  or  work,  does  help  to  knit  them  together  in  a  way 
whicli  is  liardly  attainable  otherwise,  and,  if  started  unolHcially  and 
l)y  lociil  eflbrt,  it  is  more  than  possible  that  they  miglit  grow  into 
ofiicial  functions.  What  I  desire  to  say  is  (and  I  think,  thougli  I 
have  no  actual  autliority  to  do  so,  I  may  speak  here  on  belialf  of 
every  individual  Memlxsr  of  Council,  in  liis  personal  capacity,  as 
well  as  in  my  own),  if  tlie  expcn-iment  should  be  undertaken  in  one 
or  more  districts  l)y   local  oflbrt,  W(!  on  the  (Council  would  be  most 
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happy  to  welcome  such  effort  and  to  do  our  utmost  to  foster  and 
facilitate  it  to  the  best  of  our  ability. 

If  the  idea  should  be  tixken  up  by  Members  and  should  assume 
shape,  it  might  be  for  consideration  whether  it  could  not  be 
arranged  that,  after  dinner,  some  short  Paper  might  be  read  and 
discussed  under  informal  conditions  instead  of  resorting  to  speeches 
or  conversation  to  fill  up  the  evening.  I  merely  suggest  this,  but,  if 
it  should  be  desired,  the  Council  would,  I  am  sure,  be  ready  and 
willing  to  assist  in  any  way  which  may  seem  most  likely  to  forward 
the  objects  in  view.  Such  an  occasion  might  be  made  the  opportunity 
which  I  have  so  long  desired  of  getting  into  closer  touch  with 
engineers  not  members  of  our  Institution,  and  with  local  engineering 
societies. 

Another  matter  which  was  in  a  way  part  of  the  object  of  our 
inquiries  was  the  delivery  of  Lectures  on  subjects  of  interest  in 
particular  districts.  Here  again  the  response  was  not  whole- 
hearted either  way,  but  the  scheme  appeared  to  be  one  to  which 
the  Council  might  direct  further  attention. 

It  is  a  matter  of  congratulation  to  the  Institution  that  Mr. 
Charles  Hawksley's  generosity  should  enable  the  Council  to  accept 
the  financial  responsibility  which  must  necessarily  follow  the 
introduction  of  such  Lectures.  Mr.  Hawksley  expressed  his  desire 
to  endow  the  Institution  with  a  gift  in  memory  of  his  father,  the 
late  Mr.  Thomas  Hawksley,  and  he  readily  agreed  that  the  money 
he  proposed  to  give  should  be  used  for  the  foundation  of  "  The 
Thomas  Hawksley  Lectures."  As  Members  have  already  been 
informed,  it  is  hoped  that  the  first  of  these  may  be  delivered  in  the 
near  future.  The  Institution  is  deeply  indebted  to  Mr.  Charles 
Hawksley  for  his  liberal  help  in  this  matter,  and  the  result  cannot 
fail  to  be  beneficial  both  to  the  country  members  individually  and 
to  the  Institution  as  a  whole,  for  it  is  hoped  that  it  may  be  possible 
that  each  Lecture  may  be  delivered  in  more  than  one  centre. 

There  is  another  subject  which  should  be  touched  upon, 
in  order  to  commend  it  to  the  most  favourable  consideration  and 
treatment  at  the  hands  of  Members,  and  that  is  the  Benevolent 
Fund.  This  fund  will  shortly  assume  definite  shape,  and  we 
venture   to    hope    that    Members    of    the    Institution   will    then 
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support  it  to  the  utmost  of  their  ability,  subscribing  for  the  benefit 
of  those  less  fortunate  than  themselves. 

I  now  turn  to  what  I  regard  as  the  main  subject  of  this 
Address.  Probably  there  is  no  recent  action  taken  by  this 
Institution  which  will  have  a  wider  eftect  in  the  future  than 
the  decision  to  establish  a  method  by  which  candidates  for 
admission  as  Graduates,  or  Associate  Members,  shall  give  evidence 
that  they  possess  that  knowledge  of  those  scientific  principles, 
which  the  practice  of  the  profession  of  Mechanical  Engineering 
in  the  present  day  more  and  more  insistently  requires. 

It  is  true  that  the  only  means  available  for  the  presentation  of 
such  evidence  is  by  a  system  of  examination.  But  for  a  practical 
profession,  such  as  mechanical  engineering,  there  are  always 
grounds  for  suspicion  that  the  knowledge  which  the  examination 
purports  to  show  may  not  be  of  that  solid  and  permanent 
character  which  is  so  eminently  desirable.  In  other  words,  whether 
in  order  to  pass  the  examination  that  most  objectionable  system, 
cramming,  has  not  been  resorted  to,  thus  neutralizing  the  advantages 
which  should  ensue.  Of  course,  what  it  is  desired  to  ascertain  is 
not  whether  a  young  man  is  possessed  of  a  temporary  knowledge 
due  to  cramming,  but  whether  the  learning  he  has  acquired  has 
been  secured  by  real  study  in  a  manner  which  will  remain  with 
him  and  be  useful  to  him  in  his  subsequent  professional  career. 

As  examination  at  present  seems  the  only  practicable  method  for 
testing  knowledge,  we  must  make  the  best  of  it.  It  is  for  the 
Council  and  their  coadjutors  to  so  arrange  the  various  courses 
of  examination  as  to  prevent,  so  far  as  may  be,  that  system  of 
cramming  which  is  so  much  to  be  deprecated,  and  to  ensure  that 
the  knowledge  disphiyed  is  real.  I  venture  to  assure  yajj  that  the 
Members  of  Council  are  one  and  all  fully  alive  to  the  njportance 
of  this  duty  and  will  steadfastly  keep  it  in  view. 

The  introduction  of  these  educational  tests  aims  at  securing  the 
greatest  possible  advantage  to  the  profession  at  large,  while  at  the 
same  time  its  object  is  to  raise  the  status  of  Mem])ership  of  the 
Institution  to  a  plane  even  higher  than  has  already  hinm  attained. 
Even  if  such  an  aspiration  were  not  very  much  to  bo  desired  on  its 
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own  account,  it  may  certainly  be  regarded  as  necessary  for  the 
maintenance  of  our  national  position  in  the  engineering  markets  of 
the  world,  and  as  enabling  us  successfully  to  meet  international 
competition,  the  existence  of  which  is  so  keenly  felt  on  every 
side.  Membership  of  this  Institution  should  mean  that  one,  to  be 
justified  to  bear  the  title  of  Member,  is  not  only  a  man  practising 
his  profession,  but  one  who  is  possessed  of  powers  to  forward  the 
welfare  of  mankind,  and  one  who  can  be  regarded  from  the  very 
fact  of  his  Membership,  as  properly  described  as  possessing  the 
original  meaning  of  the  word  "  engine,"  and  so  truly  an  engineer. 

If  you  were  to  ask  a  group  of  men  for  their  definition  of  what 
each  considered  this  meaning  to  be,  I  think  it  not  unlikely  that  the 
replies  would  be  somewhat  diverse.  I  would  therefore  invite  your 
attention  to  the  fact  that  passing  through  the  word  "  engine," 
the  derivation  comes  from  the  Latin  "  ingenium,"  of  which  the 
meaning  is  natural  capacity — invention — skill,  ability,  and  the 
like.  In  early  English,  the  word  "  engine  "  carried  this  meaning, 
for  Chaucer  in  the  fourteenth  century  says :  —  "A  man  hath 
sapiencies  three,  memorie,  engin  and  intellect  also."  Though  this 
meaning  has  doubtless  become  obsolete,  I  venture  to  think  tliat 
there  is  no  one  in  our  profession  who  will  not  in  his  heart 
agree  that  the  old  sense  is,  and  ought  to  be,  still  applicable  to  all 
members  of  this  Institution. 

Some  subsequent  meanings  attached  to  the  word,  though  also 
somewhat  obsolete,  are  not  without  some  personal  interest  to  me, 
for  "  engine "  when  applied  to  a  mechanism  was  understood  to 
mean  in  early  days  a  weapon  of  war  generally  for  purposes  of 
assault,  and  an  engineer  was  concurrently  one  who  handled  such 
weapons,  or  executed  works  for  military  purposes.  It  was  only  in 
comparatively  recent  times,  that  is,  about  the  middle  of  the 
eighteenth  century,  that  the  name  "  Engineer  "  began  to  be  applied 
to  a  class  of  men  who  devoted  themselves  to  works  which  were  not 
primarily  of  a  military  character,  but  were  aimed  at  "  directing  the 
great  sources  of  power  in  nature  for  the  use  and  convenience  of 
man."  Such  men  were  called  *^  Civil  Engineers,"  to  distinguish 
them  from  their  military  brethren. 
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It  is  interesting  to  record  that  the  first  branch  of  Engineering 
which  showed  itself  as  special  was  that  of  the  Mechanical  Engineer, 
and  it  is  still  further  interesting  to  note  that  in  all  the  specialized 
branches  which  have  since  assumed  shape,  the  mechanical  science 
of  engineering  and  even  the  mechanical  engineer  himself  form 
important  and  in  many  cases  fundamental  factors,  and  that  this 
is  a  condition  which  must  always  remain,  whatever  may  be  the 
lines  of  future  developments.  For  these,  as  well  as  personal 
reasons,  our  attention  will  be  more  held  by  mechanical  engineering, 
and  what  follows  has  closer  reference  to  that  branch,  though  I 
venture  to  think  that  the  objects  in  view  are  not  restricted  to  one, 
but  are  common  to  every,  branch  of  the  profession. 

The  application  of  science  to  problems  of  mechanics,  of 
metallurgy,  and  of  electricity,  is  in  itself  an  object  to  aim  at,  but 
added  to  this  is  the  following.  The  tone  of  mind  which  results 
will  tinge  actions  in  other  directions,  where  higher  qualities  of 
treatment  of  the  daily  routine  of  manufacture  are  needed  to  arm 
us  for  the  battle  of  trade  competition ;  it  ^vill  foster  our  efforts 
after  progress,  whether  it  be  in  quality,  quantity,  or  value  of 
engineering  trades,  and  will  assist  in  meeting  the  difficulties  of 
each  day's  work. 

No  one  will  gainsay  the  statement  that  engineering  in  all  its 
branches  is  a  practical  profession,  and  though  I  am  endeavouring  to 
press  upon  you  the  urgent  necessity  for  sound  scientific  knowledge 
as  one  of  the  assets  of  every  individual  engineer,  it  would  be 
but  half  the  tale  if  this  appeal  aimed  only  at  closer  application 
of  science  to  every-day  problems.  Practical  work  is  absolutely 
essential  if  a  practical  profession  is  to  be  cjirried  on  effectively,  and 
no  effort  should  be  spared  to  impress  this  upon  all  concerned. 

It  is  probably  within  the  recollection  and  experience  of  many 
here  that  those  who  press,  and  quite  rightly  press,  the  importtmce 
of  scientific  and  theoretical  study  as  training  for  an  engineining 
career,  also  plead  very  hard  for  an  ado(i[uato  recognition  of  their 
efforts  from  employers.  They  invito  their  cordial  co-oi)eration  and 
sometimes  scold  them  for  a  l)ackwardness  in  affording  it.  Their 
aspiration    for   co-operation    cuii    be   given    the   fullest   sympathy, 
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but  I  am  none  the  less  inclined  to  take  teachers  themselves  to 
task  with  regard  to  some  of  the  advice  they  give  either  explicitly 
or  tacitly  to  their  students.  Too  many  young  men  adopt  the  idea 
when  they  have  submitted  themselves  to  a  course  of  technical 
study,  and  have  perhaps  displayed  conspicuous  ability  therein, 
that  they  leap  from  that,  and  that  alone,  to  a  level  which  at  once 
entitles  them  to  look  for  and  expect  a  lucrative  position  in 
engineering  works.  This  is  entirely  erroneous,  unless  they  have  an 
actual  practical  training  as  an  additional  asset.  I  do  not  complain 
of  the  natural  ambition  which  probably  helps  towards  such  an  idea 
on  the  part  of  the  young  man,  but  I  do  seriously  complain  of  those 
teachers  who  foster  such  an  error.  If  teachers  meet  occasionally 
with  an  apparent  lack  of  appreciation  on  the  part  of  employers 
of  the  theoretical  and  scientific  training  which  they  have  given  to 
their  students,  I  think  that,  if  inquiry  -^ere  made,  there  may  be 
something  to  be  said  for  the  employer.  It  will  very  possibly 
be  found  that  the  employer  regards  such  half-trained  men  with 
some  suspicion,  and  possibly  even  he  may  have  suffered  from  an 
engagement  of  such  a  young  man  to  an  extent  which  leads  him 
to  say  that,  however  much  he  desires  a  man  thoroughly  trained 
both  in  theory  and  practice,  he  cannot  afford  to  employ  a  man 
trained  only  on  the  former  line,  and  that  if  he  can  only  get  training 
on  one  line  he  would  prefer  the  practical  to  the  theoretical  man. 

For  myself,  I  desire  to  secure  the  services  of  men  who  are 
thoroughly  trained,  and  I  speak  from  some  experience  of  their 
value,  but  I  regret  that  I  also  speak  from  experience  when  I  say 
that  there  is  too  often  a  neglect  of  the  practical  workshop  course. 
I  am  convinced  that  such  an  omission  of  an  essential  part  of 
the  training  is  most  disadvantageous  to  the  student  himself,  as  well 
as  to  the  ultimate  strength  of  the  profession  as  a  whole.  One  of 
the  results  of  this  tendency  is  that,  when  a  vacancy  has  to  be  filled 
it  is  by  no  means  easy  to  find  a  man  who  is  equipped  with  good 
theoretical  and  scientific  training  coupled  with  a  thorough  workshop 
training,  and  ability  to  apply  the  one  to  the  other  in  an  efiicient 
manner.  A  good  portion  of  the  blame  for  this  must  lie  at  the 
door  of  some  of  the  teachers,  and  I  can  only   hope  that  any  to 
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whom  such  charges  apply  directly  or  indirectly,  may  without  delay 
recognize  that  if  they  desire,  as  of  course  they  do,  the  co-operation 
of  employers  in  forwarding  the  interests  of  their  students,  they 
must  see  to  it  that  they  not  only  avoid  the  inculcation  of  such 
erroneous  ideas  into  the  heads  of  those  under  their  charge,  but  also 
must  adopt  the  line  of  impressing  on  them  that  for  a  practical 
profession  they  must  be  practical  men,  and,  in  order  to  attain 
that,  they  must  submit  themselves  to  thorough  practical  as  tcell  as 
thorough  theoretical  training. 

One  may  ask  oneself  how  it  happens  that  men  who  spend  their 
energies  as  whole-heartedly  as  the  teachers  in  Engineering  Colleges 
and  the  like  do,  in  the  interests  of  the  student  entrusted  to  their 
care,  make  the  mistake  which  I  am  suggesting  they  do  make. 
There  can  doubtless  be  several  answers  given,  but  probably  the 
true  one  is  that  there  is  something  wanting  in  the  training  of 
many  or  most  of  those  of  whom  we  complain. 

If  we  look  round  at  the  leading  lights  of  the  engineering 
educational  firmament  who  have  themselves,  before  embarking  in 
teaching  work,  not  only  passed  through  a  thorough  workshop 
training  but  have  followed  that  by  a  considerable  amount  of  practical 
work  and  experience,  we  shall  not,  I  think,  find  that  they  are 
offenders  in  the  sense  of  which  I  am  speaking.  It  would  seem  that 
it  is  rather  those  who  have  not  themselves  undergone  a  workshop 
training — or,  if  they  have  done  that,  have  taken  up  teaching  before 
they  have  accumulated  an  adequate  supply  of  practical  experience — 
who  are  most  prone  to  decry  the  importance  of  practical  training 
and  experience,  and  thus  by  their  explicit  or  tacit  advice  throw 
impediments  in  the  way  of  a  young  man  carrying  his  educjition 
through  in  the  most  complete  manner.  Such  men  may  be,  and 
probably  are,  thoroughly  conversant  with  theory,  and  most  pei'fectly 
competent  to  te<ich  that  side  of  their  subject,  but  if  they  are 
themselves  lacking  in  practical  training  and  experience  it  must 
necessarily  follow  that  their  powers  of  imparting  knowledge  of  the 
api)li cation  of  theory  to  practice  must  be  stunted  and  narrowed.  If 
a  man  is  to  be  able  to  teach  the  aj)plication  of  science  to  practice 
otliciently,  he  must  himself  bo  not  only  a  scientist,  but  a  practiail 
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man  as  well.  In  the  interests  of  the  teachers  themselves  and  of  the 
students  under  them,  this  surely  ought  to  be  recognized. 

If  it  could  be  arranged  that  every  teacher  could,  concurrently 
with  his  teaching,  be  engaged  on  practical  work  of  a  nature  allied 
to  the  subject  taught  by  him,  great  advantage  would  undoubtedly 
accrue  to  the  teacher  and  the  student.  Such  a  departure  would 
of  course  entail  considerable  reform  in  the  present  methods  of 
teaching,  and  the  allocation  of  the  teacher's  time,  but  that  need 
not  be  regarded  as  impossible,  because  it  has  in  fact  been  found 
practicable  in  other  countries. 

Of  course,  in  the  larger  educational  centres  the  teachers  do 
have  some  opportunity  of  keeping  in  touch  with  practical  needs 
from  various  investigations  and  researches  they  are  invited  to 
make  in  the  educational  laboratories ;  but  if  they  could  in  addition 
to  this  be  actually  engaged  on  practical  or  even  commercial  work 
as  well  as  laboratory  experiments  and  investigations,  the  authority 
with  which  they  could  direct  the  studies  of  their  students  must 
undoubtedly  be  enhanced. 

I  hope  I  shall  not  be  thought  to  have  spoken  too  critically,  but 
if  an  excuse  be  necessary,  I  would  plead  the  great  importance  which 
the  subject  has  for  the  whole  profession — I  will  on  that  account 
even  go  further  and  crave  indulgence  for  addressing  also  a  few 
cautionary  remarks  to  students  and  young  men. 

I  have  not  infrequently  met  cases  of  young  men  who,  when 
questioned  as  to  their  practical  training,  advance  the  statement 
that  the  work  they  have  done  in  their  coUege  workshops  and  the 
like  is  equivalent  to  a  workshop  training.  I  have  nothing  to  say 
against  the  existence  of  such  a  college  workshop  as  a  place  where  a 
certain  amount  of  manual  dexterity  may  be  acquired  as  a  sort  of 
relaxation  from  the  regular  work  of  the  study  or  the  lecture  room. 
It  cannot,  however,  be  regarded  as  in  any  way  approaching  what  is 
really  required  in  the  way  of  practical  training,  or  as  capable  of  giving 
any  approximation  to  the  value  of  the  experience  to  be  gained  from 
work  in  the  shops  under  real  working  and  commercial  conditions. 

Supposing  that  the  statement,  that  the  importance  of 
practical  work  is  very  great,  will  not  be  seriously  controverted,  I 
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must  add  that  all  the  advantages  cannot  be  regarded  as  fully- 
secured,  even  when  courses  of  theoretical  study  have  been  combined 
with  workshop  training.  When  the  primary  course  has  been 
completed,  the  education  of  an  engineer  must  still  go  on  by  the 
acquisition  of  experience,  and  from  this  point  of  view  the  engineer's 
education  is  never  finished. 

Sir  Trevor  Dawson,  in  an  Address  he  delivered  last  autumn, 
seems  to  me  to  urge  his  hearers  very  strongly  on  these  lines,  for  in 
more  than  one  sentence  he  pointedly  refers  to  the  importance  of 
the  acquisition  of  practical  experience  by  young  men,  even  at  a 
temporary  shortening  of  salary.  For  instance,  he  said :  "  For  the 
moment  it  is  enough  to  establish  that  experience  is  a  dominant 
consideration.  This  cannot  be  too  forcibly  emphasized,  for  young 
men  are  at  times  prone  to  seek  advancement  without  carefully 
considering  whether  that  which  looks  like  advancement  will 
conduce  to  the  winning  of  the  experience  so  invaluable  in  future 
work."     To  this  I  cordially  assent. 

In  my  opinion,  before  such  practical  experience  can  be  properly 
assimilated,  a  workshop  training  is  essential.  Its  value  is  very 
great  all  round,  for  it  covers  a  great  deal  more  than  manual 
dexterity.  For  instance,  it  affords  a  man  an  insight  (not 
otherwise  attainable)  into  the  working  of  other  men's  minds, 
men  perhaps  of  rather  a  different  class  from  himself,  but  who, 
undoubtedly  to  start  with,  are  head  and  shoulders  above  him 
in  their  ability  and  in  their  methods  of  handling  and  carrying 
tnrough  particular,  and  it  may  be  very  important,  operations. 
Moreover,  he  will,  of  necessity,  from  working  at  the  bench  and 
tlie  like,  even  if  he  keeps  his  eyes  only  slightly  open,  become 
acquainted  with  the  point  from  which  various  matters  are  viewed 
])y  tlie  operative,  and  he  will  undoubtedly  find  that  study  not 
without  its  uses  in  after  life.  He  will  recognize  tho  fact  that  the 
user  of  a  machine  will  be  most  cognisant  of  the  peculiarities  of 
the  particular  piece  of  mechanism  with  which  ho  has  to  do,  and  it 
is  useful  to  a  young  man  to  watch  and  see  how  such  a  man  will 
CJire  for  and  nurse  the  peculiarities  of  his  machine  in  order  to 
secure  the  best  results.     Of  course,  in  this  case  I  am  speaking  of 
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a  good  workman,  of  whose  class  we  may  be  thankful  to-day  we 
have  a  fine  supply ;  but  the  young  man  will  also  find  it  instructive 
and  useful  to  study  the  doings  of  a  less  careful  or  even  a  careless 
\vorkman,  of  whom  there  are  also  some,  as  he  will  thereby  learn 
how  not  to  do  it. 

Perhaps  some  apology  is  needed  for  dwelling  so  long  on 
this  particular  portion  of  my  subject,  but  I  feel  as  strongly  that 
a  man  with  only  technical  and  no  practical  training  is  far  from 
being  a  thorough  engineer,  as  that  a  man  with  practical  and  no 
technical  training  is  insufficiently  equipped  to  meet  the  conditions 
of  engineering  work  to-day.  The  competition  which  exists,  both  at 
home  and  abroad,  spurs,  and  should  spur,  us  to  the  greatest  efforts 
after  ideal  perfection. 

There  appear  to  be  two  desiderata  for  meeting  this  competition : 
(1)  our  quality  of  output  should  continue  to  be  superior  to  that 
of  our  competitors,  (2)  our  selling  prices  should  be  if  possible 
actually,  but  at  any  rate  relatively,  lower  than  theirs.  The 
former  of  these  demands  that  the  machinery  and  appliances 
should  be  the  best  of  their  kind,  that  the  men  engaged  should 
be  fully  qualified  from  their  personal  skill  for  their  use,  and 
that  the  association  of  these  two  should  be  most  closely 
effective.  The  latter  requires  that  the  methods  of  doing  the 
work  of  production  should  be  organized  on  the  highest  lines 
of  efficiency,  having  special  regard  to  the  avoidance  of  waste  of 
either  material  or  energy.  It  will  perhaps  not  be  out  of  place 
if  I  attempt  to  sketch  out  methods  of  organization  which  will 
help  to  attain  the  desired  ends,  presupposing  that  the  directing 
minds  are  both  practical  and  scientific. 

While  quality  must  of  course  stand  first,  quantity  which 
results  from  cheapness  of  production  follows  close  in  the  scale  of 
importance.  Cheap  production  postulates  the  use  of  every  labour- 
saving  appliance  which  can  be  economically  employed,  large  powers 
of  output  and  widespread  consumption  of  the  product.  This  entails 
most  strenuous  watchful  management  to  control  "  on  charges  "  at 
the  lowest  possible  figure ;  it  involves  organizing  power  of  a  high 
order   as   regards   supply   of    material,   adequate    machinery    and 


504  president's  address.  April  1913. 

arrangement  thereof,  the  proper  distribution  of  labour  of  the 
quality  each  operation  requires,  and  the  maintenance  of  the  whole 
of  the  organization  at  the  highest  point  of  efficiency.  It  is  here 
that  men  highly  trained  both  scientifically  and  practically  will 
prove  their  worth  and  show  their  value  in  the  ultimate  profit  and 
loss  account. 

Both  theory  and  practice  are  needed  to  so  distribute  the  various 
qualities  of  labour  which  are  required  for  manufacturing,  as  distinct 
from  fitting,  operations.  Cheapness  of  production  must  necessarily 
follow  manufacturing  lines,  but  all  classes  of  labour  are  required  for 
proper  organization.  The  high-class  fitter,  though  required  to  as 
great  an  extent  (even  if  not  greater)  as  in  the  past,  is  less 
prominently  apparent  as  a  direct  producer,  but  he  really  is  one 
of  the  main  sources  of  power  to  enable  cheap  manufacture  to  be 
effected.  He  might  be  compared  to  the  properly-laid  rails  over 
which  the  traffic  of  cheap  manufacture  can  run  smoothly  in  the 
hands  of  men  possessing  very  much  less  skill. 

The  less  skilled  and  therefore  cheaper  labour  is  apt  to  be 
regarded  by  the  casual  observer  as  the  main  and  actual  producer, 
and  the  highly  skilled  preliminary  and  maintaining  force  is 
sometimes  too  much  neglected.  I  must  therefore  not  be 
understood  to  advocate  cheap  labour  as  against  the  more  skilled 
and  therefore  more  expensive  labour,  though  I  admit  that  present- 
day  requirements  do  involve  a  change  of  direction  in  the 
employment  of  the  latter;  at  the  same  time  it  is  well  to  make 
it  clear  that  not  only  is  the  highest  quality  of  skill  required  on 
the  part  of  the  workman  of  the  best  class,  but  even  more  of  the 
class  are  needed  than  formerly. 

Not  only  is  this  so,  but  the  increased  demand  which  follows 
cheaper  production  leads  to  the  employment  of  a  largo  increase 
in  the  number  of  operatives  who,  though  partially  skilled,  have 
not  attfiined  to  the  level  of  the  higliest  class.  I  base  this 
statement  on  a  large  number  of  statistics  which  were  compiled 
and  published  some  years  ago  by  the  United  States  Government. 
It  was  shown  thereby  that,  no  matter  what  the  product 
investigated  might  be,  a  largo  output  at  reduced  selling  price  led 


April  1913.  PRESIDENT'S  ADDRESS.  505 

to  an  enormously  increased  demand  for  that  product,  with  the 
result  that  not  only  was  there  a  large  increase  in  the  number  of 
men  of  the  highest  skill  required,  but  there  came  into  existence 
an  immense  volume  of  work  with  good  wages  for  operatives  of 
less  skill,  for  whose  services  there  was  no  use  under  the  old  system. 
Any  methods,  therefore,  which  will  have  such  a  result  must  be 
beneficial  not  only  to  the  trade  of  the  country  but  to  the 
community  at  large,  and  any  employer  who  so  directs  his  works 
that  he  is  able  to  pay  wages  on  the  highest  and  widest  scale, 
and  yet  produce  at  prices  capable  of  competing  on  favourable 
terms  in  foreign  markets,  is  little  short  of  a  true  benefactor 
to  his  countiy,  and  is  well  deserving  of  the  profits  of  hi^ 
enterprise  which  he  is  able  to  secure.  I  say  that  to  attain  such 
results  he  must  not  only  have  and  use  brains  himself,  but  he 
must  employ  brains  of  high  practical  efficiency  in  all  branches  of 
his  undertakings. 

While  I  am  pressing  for  mental  qualities  as  necessary  in  those 
entrusted  with  administrative  and  executive  duties,  it  must  not 
be  overlooked  that  it  is  as  requisite  that  the  mental  calibre  of  the 
rank  and  file,  should  also  be  higher  than  in  the  past.  This  is 
required,  because  machinery  itself  needs  even  more  skill  in  its 
use,  and  the  nature  of  the  work  to  be  done  is  more  precisely  stated, 
than  formerly.  I  do  not  mean  for  one  moment  to  decry  the  skill 
and  ability  of  mechanics  of  the  past.  On  the  contrary,  I  have 
the  utmost  admiration  for  the  excellence  of  their  work  when  using 
machines  of  less  precision,  and  methods  which  depended  in  a  way 
more  upon  individual  skill  and  initiative  than  is  the  case  now. 
The  case  of  a  mechanic  of  the  old  class  is  really  quite  a  good  one 
to  take  for  comparison  of  then  with  now.  He  turned  out  work 
which  was,  and  indeed  in  many  cases  is  to-day,  second  to  none,  but 
he  attained  his  high  quality  to  a  large  extent  by  trial  and  error 
when  it  came  to  fitting  two  pieces  of  mechanism  together ;  he  was 
not  in  a  position  to  adopt  the  process  of  to-day,  called  "  assembling." 
The  direction  given  to  him  by  the  drawing  was  in  fact  inadequate, 
for  the  subdivision  of  an  inch  by  the  system  of  repeated  bisections 
left  him  without  real  guidance  as  to  the  closeness  of  the  fit  which 
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he  was  required  to  obtain.  His  appliances  for  fine  measurement 
were  conspicuous  by  their  absence,  and  his  high  quality  of  work 
was,  perhaps,  not  unaflfected  by  his  health  on  a  particular  day. 
In  a  word,  though  he  produced  work  of  the  highest  quality,  he 
did  so  without  any  actual  knowledge  of  the  fineness  of  the 
dimension  to  which  he  was  required  to  work.  Contrast  with 
this  the  more  modern  system ;  the  mechanic  of  to-day  is,  in  up-to- 
date  shops,  given  the  dimension  to  which  he  has  to  work,  in  decimals 
of  an  inch.  Measuring  appliances  of  adequate  precision  are  in 
his  hands  or  available  for  his  assistance,  the  quality  of  the  work 
required  is  at  least  as  high,  but  he  approaches  his  task  with 
knowledge  of  what  is  required  as  to  the  nature  of  the  fit  for  which 
he  has  to  prepare,  and  his  machine  is  probably  much  more  accurate 
in  its  action.  It  is  not,  therefore,  unreasonable  to  expect,  nor  is 
it  unusual  to  obtain,  equal  or  even  better  quality  of  work  at  less 
expenditure  of  material  and  energy,  and  cost. 

These  remarks  deal  of  course  with  men  of  the  highest  skill, 
but  a  word  seems  necessary  as  to  those  of  less  high  quality  whose 
services  are  required  for  work  of  a  repetition  character.  Here 
the  operative  has  gauges,  templates,  and  the  like,  to  which  he  has  to 
work,  and  he  is  not  so  much  concerned  with  knowledge  of  actual 
dimensions,  for  all  provision  of  that  sort  is  embodied  in  the 
manufacture  of  the  gauges  themselves ;  if,  as  should  be  the 
case,  he  has  gauges  of  high  and  low  limit  given  him  between 
which  his  w^ork  should  "  go "  and  "  not  go,"  it  is  manifest  that, 
as  less  actual  skill  is  demanded  from  the  man,  and  what  is 
demanded  can  be  secured  without  a  long  apprenticeship,  the 
remuneration  of  such  labour  is  less,  while  the  production  is  more 
lapid  and  the  consequent  selling  price  is  reduced.  It  must, 
however,  not  ])o  overlooked  that  these  provisions  involve  a 
considerable  amount  of  the  preparatory  work  which  must  form 
"  on  charges  "  on  the  finished  product.  It  is  there  that  the  control 
of  such  charges,  at  a  figure  wliicli  sliall  not  be  overburdensome, 
requir(;s  thc5  utmost  care  on  tlie  part  of  the  executive  and 
administration.  For  this,  the  trained  mind  will  be  the  most  useful 
safeguard. 
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Now  turn  to  the  Office  and  Workshop  to  select  examples  of 
cases  where  economies  and  improvements  in  working  will  follow 
the  greater  use  of  scientific  attainments  coupled  with  practical 
application.  For  the  more  ready  apprehension  of  what  follows, 
it  is  perhaps  well  that  the  meanings  attached  to  "  Administration  " 
and  "Executive"  should  be  defined.  By  the  Administration 
is  meant  the  controlling  powers  of  the  undertaking,  whatever  it 
may  be,  and  the  staff  directly  attached  thereto,  for  arranging 
and  administering  the  whole  concern.  The  term  Executive 
is  used  to  mean  those  who,  under  the  Administration,  are 
entrusted  with  the  control  of  personnel,  machinery,  and  work,  for 
obtaining  the  output  of  the  product  with  which  the  undertaking  is 
concerned. 

There  will  be  no  dissentient  voice  against  the  statement 
that  that  undertaking  is  best  equipped  which  has  in  its 
Administration  not  only  high  quality  of  business  ability,  but 
a  firm  basis  of  scientific  and  practical  knowledge  to  guide  its 
actions  in  framing  the  policy  and  giving  it  first-hand  power  to 
form  clear  and  reliable  opinions  as  to  the  correctness  of  the 
operations  carried  out  by  the  Executive  under  its  control.  It 
seems  in  fact  to  be  a  truism,  that  the  Administration  must  be 
fully  informed  of  its  own  knowledge  of  the  scientific  and  practical 
possibilities  of  a  case,  before  it  can  effectively  lay  down  a  policy  to 
be  followed.  There  are  few  more  fruitful  sources  of  loss  in  working 
than  to  lay  down  a  line  of  policy  on  insecure  foundations,  or  on 
lines  which  are  either  totally  impracticable  of  realization  without 
excessive  cost,  or  which  are  so  far  unscientific  as  to  shake  the 
confidence  of  the  Executive  in  the  soundness  of  the  judgment  of 
the  Administration.  Similarly,  the  Executive  must  be  equally 
conversant  with  scientific  principles  as  well  as  thoroughly  master 
of  all  practical  technical  details.  In  a  word,  knowledge  and 
practical  experience  must  be  the  undoubted  possessions  of  both 
branches,  for  there  is  no  part  of  any  engineering  establishment 
which  will  not  be  more  benefited  by  the  services  of  men  holding 
this  combination  of  qualities,  than  by  men  qualified  only  with 
practical    experience.      Conversely   there   is,    in    my   opinion,   no 
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possibility  of  an  establishment  being  successfully  worked  by 
men  having  only  a  scientific  and  theoretical  knowledge  without 
practical  training  and  experience  in  addition. 

Let  us  now  try  to  follow  up  another  line.  Every  Undertaldng 
which  aims  at  keeping  at  least  abreast  of  current  requirements  must 
be  prepared  to  spend  some  money  in  experiments,  investigations, 
research  and  the  like,  and  there  can  be  no  question  that,  on  the 
one  hand,  in  the  inception  of  such  work,  in  its  arrangement  and 
in  its  operation,  the  presence  of  the  mind  scientifically  trained  is 
essential,  and  that  for  practical  work,  on  the  other  hand,  the  scientists 
employed  should  also  be  practical,  in  their  methods  of  approaching 
and  handling  the  investigation  or  research,  and  in  the  application 
of  the  results  presented.  Some  will  consider  that  the  branch 
for  carrying  out  this  class  of  work  should  be  primarily  under  the 
direct  control  of  the  Administration,  while  others  will  hold  that 
it  is  more  essential  to  the  Executive  and  should  be  primarily 
part  thereof.  The  results  of  the  work  are  undoubtedly  wanted 
by  both,  by  the  Administration  because  its  policy  may  be  affected, 
and  by  the  Executive  because  its  economies  in  working  may  be 
materially  assisted  thereby.  On  the  whole  it  would  probably 
be  best  to  entrust  the  control  of  the  branch  to  the  Executive 
with  an  arrangement  that  all  important  results  should  reach 
the  Administration  simultaneously  with  the  Executive :  among 
the  reasons  for  this  preference  might  be  instanced  that  the 
Executive  will  find  it  advantageous  to  have  a  considerable 
number  of  small  experiments  carried  out  which  could  hardly  be 
honoured  by  so  high  a  title  as  "research,"  but  which  none  the 
less  may  have  great  economic  value.  For  such  work  the  Executive 
would  be  primarily  interested. 

Any  research  of  a  larger  or  more  expensive  nature  might,  and 
probably  should,  oidy  be  undertaken  with  the  concurrence  of  the 
Administration.  In  fact,  in  order  to  prevent  the  expenses  of  the 
branch  Ijecoming  so  great  as  to  be  overburdcnsome  on  the  whole 
undcrt^jiking,  it  might  be  found  reasonable  that  the  Administration 
should  keep  close  financial  control  of  such  work,  by  laying  down 
that  not  more  than  a  definite  sum  should  bo  expended  on  any  one 
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investigation  or  research  without  its  specific  authority.  This  is 
the  system  in  use  in  many  places,  and  has  been  found  to  work 
with  Siitisfactory  results. 

At  present,  inadequate  attention  is  too  often  afforded  to  such 
matters,  and  I  could  quote  many  examples.  I  will  take  one.  It 
is  quite  likely  that  there  are  not  a  few  mechanical  engineers 
who  fail  to  appreciate  the  considerable  effects  which  even  small 
differences  in  temperature  in  heat  treatments  may  have  on  ordinary 
steel.  It  may  even  surprise  some  to  hear  that  a  variation  in  one 
temperature  of  a  series  of  treatments,  which  would  be  represented 
by  a  number  of  degrees  much  less  than  those  between  freezing  and 
boiling-point  of  water,  will  so  act  as  to  make  the  material,  which 
with  one  series  is  suitable  for  some  purposes,  entirely  unsuitable 
with  another  series.  Let  me  quote  from  actual  trials  what  this 
means.  Ordinary  steel,  containing  about  0*53  per  cent,  carbon, 
fairly  high  in  silicon  (about  0*  18)  and  manganese  (about  0*84),  was 
investigated,  and  with  certain  treatments  gave  the  following 
mechanical  tests :  Yield-point,  36  tons  per  square  inch ;  breaking 
load,  56  tons  per  square  inch  ;  elongation,  8  per  cent,  on  2  inches 
effective  length.  The  same  quality  of  steel,  by  varying  heat 
treatments  (heated  790°  C),  oil-quenching  (about  80°  C.)  and 
reheating  (about  330°  C),  gave  approximately  the  following  results  : 
Yield-point,  68  tons  per  square  inch  ;  breaking  load,  84  tons  per 
square  inch ;  elongation,  2  per  cent,  on  2  inches  effective  length. 
When  the  same  initial  heating  and  oil-quenching  were  coupled 
with  a  reheating  temperature  raised  by  only  70°  C.  (that  is,  to 
about  400°  C),  the  test  results  were  approximately  as  follows : 
Yield-point,  42  tons  per  square  inch ;  breaking  load,  64  tons 
per  square  inch;  elongation,  16 '5  per  cent,  on  2  inches  efi'ective 
length. 

With  such  varying  results  there  seem  to  be  very  good  grounds 
for  pressing  for  scientific  methods  in  actual  work,  for  no  amount  of 
rule  of  thumb  or  expert  eye  could  ever  ensure  uniformity  in 
results  with  so  narrow  a  margin  in  the  matter  of  one  temperature. 
It  seems  clear,  therefore,  that  there  is  essential  need  for  some 
arrangements   which  shall  not  depend  upon    the  natural  gifts  or 
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unaided  ability  of  a  single  individual,  and  that  some  system  of 
pyrometry  is  called  for  as  a  protection  against  failures. 

The  installation  of  apparatus  of  this  sort  is  by  no  means 
common,  and  is  apt  to  be  regarded  by  many  as  somewhat  in 
the  nature  of  a  luxury.  It  ought  not  to  be  so  regarded,  for 
nothing  short  of  it  wiU  ensure  prevention  of  failure  and  waste 
arising  from  mistakes  in  heat- treatment  operations. 

Such  apparatus  would  not  be  without  its  use  in  the  ordinary 
miscellaneous  foundries,  as  well  as  those  specially  provided  for 
particular  products,  for  more  uniform  results  could  probably  be  got 
with  castings,  if  greater  attention  were  paid  to  the  temperature  of  the 
metal  when  poured  and  subsequently  cooled,  and  even  to  the  speed  at 
which  the  material  was  reduced  to  and  from  a  molten  condition.  If 
scientific  knowledge,  coupled  with  the  necessary  practical  experience, 
is  brought  to  bear  upon  such  matters  as  these,  the  undertaking  will 
reap  large  advantages  in  higher  efficiency  of  output,  less  waste,  and 
consequently  actually  cheaper  production. 

Many  other  examples  in  support  of  the  ends  at  which  we  should 
all  aim  could  be  brought  forward,  and  probably  many  will  occur  to 
your  minds,  so  your  time  need  not  be  occupied  in  suggesting  them. 
I  trust,  however,  that  the  object  in  view  may  be  clear  and  in  no  way 
obscured  by  my  method  of  presenting  it.  What  it  amounts  to  is 
this :  the  engineer  of  to-day  has  more  varied  calls  on  him  than  in 
bygone  times,  and  he  must  therefore  be  more  highly  equipped 
to  meet  such  calls.  He  must  be  to  a  large  extent  a  scientist,  but 
he  must  also  be,  in  every  sense  of  the  word,  a  practical  man.  His 
views  must  be  wide,  and  there  should  be  nothing  either  petty  or 
narrow  in  his  dealings. 

All  that  has  been  said  has  had  the  interests  of  this  Institution 
primarily  in  mind,  but  those  interests  should  not  be  gauged  solely  with 
regard  to  our  internal  affairs.  As  each  man  owes  duties  to  the  State, 
to  his  Profession,  and  to  his  Institution,  so  the  Institution  has  duties 
of  a  similar  nature,  and  what  it  does  should  be  undertaken  not 
only  with  the  view  to  its  own  interests,  but  with  the  object  of 
tlirowing  the  benefits  of  what  it  does  open  for  the  general  advantage. 
You  will  perhaps  say  that  the  Institution  is  not  niggardly  in  this 
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way,  and  we  may  be  proud  in  the  belief  that  such  a  statement  is 
true,  but  it  is  quite  possible  that  ways  may  appear  which  would 
lead  to  some  self-denial  being  desirable.  There  is  of  course  some 
kudos  attaching  to  work  successfully  accomplished  when  its  useful 
results  are  placed  freely  at  the  disposal  of  all,  but  it  might  be  that 
the  Institution  should  forego  any  such  hidos  if  a  combination  of 
effort  through  the  co-operation  of  several  Institutions  and  Societies 
would  produce  better  co-ordination  and  afford  advantages  more 
widespread  than  can  be  got  from  the  operations  of  one  Institution 
alone. 

There  is  an  excellent  example  of  what  I  mean  in  the  work 
which  has  been,  and  is  being  done,  by  the  Engineering  Standards 
Committee,  with  its  Sectional  and  Sub-Committees,  covering  a 
very  wide  field  which  is  being  cultivated  for  the  general  good. 
The  whole  country  is  deeply  indebted  to  the  Council  of  the 
Institution  of  Civil  Engineers,  which,  on  the  initiative  of  Sir  John 
Wolfe  Barry  in  1901,  invited  the  co-operation  of  its  own  members 
and  members  of  other  Societies  and  Institutions  to  consider  and 
undertake  a  system  of  standards  of  iron  and  steel  sections  for 
constructional  work.  That  Committee  began  in  a  comparatively 
small  way,  but  has  gone  on  increasing  in  the  scope  and  volume 
of  its  labours  and  investigations,  all  of  which  have  aimed  at 
securing  efficiency  and  economy  for  the  benefit  of  all  concerned. 
It  is  not  my  intention,  and  I  am  sure  it  is  not  necessary  that  I 
should  deal  at  any  great  length  with  the  work  or  the  types  of  work 
which  these  Committees  have  done,  but  the  existence  of  the 
Committees  does  in  fact  form  an  example  of  organization  and  co- 
ordination for  which  there  may  be  room  in  other  directions. 

Reference  might,  however,  with  justice  be  made  to  a  point  which 
often  seems  to  miss  the  recognition  which  is  really  due,  and  that  is  that 
the  work  of  the  various  Committees,  as  well  as  the  main  Committee, 
has  been  brought  to  its  present  stage  by  the  gratuitous  devotion  of 
time  and  energy  of  individual  engineers  all  over  the  country,  who 
have  worked  whole-heartedly  without  reward  of  any  sort,  other 
than  perhaps  the  feeling  of  personal  satisfaction  that  what  has  been, 
and  is  being  done,  for  the  general  good,  has  been  secured  by  their 
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individual  efibrts.  Not  only  does  the  country  owe  a  debt  of 
gratitude  for  such  services,  but  I  would  remind  you  that  though 
the  work  has  been  done  as  regards  the  Members  of  the  Committees 
gratuitously,  it  is  impossible  that  all  the  conclusions  could  be 
arrived  at  without  some  expense  being  involved  for  experiments 
and  the  like,  and  for  the  Executive.  The  thanks  of  all  of  us  are 
therefore  due  to  individuals,  firms,  Institutions  and  Societies,  to 
the  Indian  Government  as  well  as  the  Home  Government,  for  the 
recognition  which  they  have  afforded  to  the  work  of  the  Committee 
and  for  the  financial  aid  which  has  been  of  such  value  in 
enabling  the  Committee  to  do  that  part  of  the  work  for  which 
voluntary  effort  could  not  be  drawn  upon. 

This  Institution  has  done  something  to  place  the  results  of 
researches  into  a  few  matters,  mainly  relating  to  steel  and  other 
alloys,  within  the  reach  of  users  ;  that  fact  must,  of  course,  be 
gratifying  to  us  who  hold  the  interests  of  the  Institution  dear, 
even  though  the  areas  already  explored  touch  but  a  small  portion  of 
the  available  field,  leaving  enormous  tracts  still  open  for  future 
work.  I  am  in  sympathy  with  those  who  continually  press  the 
Institution  towards  research  into  various  matters  where  greater 
knowledge  is  undoubtedly  desirable,  and  I  hope  that  the  finances 
of  the  Institution  will  always  be  available  to  the  utmost  extent 
possible  for  carrying  on  such  useful  work. 

Research  in  the  hands  of  firms  and  engineering  undertakings, 
has  already  been  advocated,  and  no  one  would  wish  to  see  such 
efforts  in  any  way  hampered ;  but  if  it  were  possible  to  co-ordinate 
the  work  more  than  is  done  at  present,  and  also  to  place  the  results 
at  the  disposal  of  the  profession  more  readily  than  is  now  the  case, 
great  advantage  may  be  expected  to  result.  Is  it  not  worth 
considering  whether  inquiries  should  not  be  made  to  see  if  an 
Engineering  Research  Committee,  the  bounds  of  wliich  should  be 
mucli  wider  tlian  Membership  of  this  Institution  alone,  could  be 
got  together  with  a  view  to  organizing,  co-ordinating  and  assisting 
research,  more  particularly  for  engineering  purposes  ?  The  success 
which  has  attended  the  Engineering  Stsmdards  Committee  might 
be  regarded  as  holding  out  hopes  of  similar  possiljilities  of  success 
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for  an  Engineering  Research  Committee,  so  far,  at  any  rate,  as 
obtiiining  the  gratuitous  personal  assistance  of  those  best  competent 
to  assist  in  particular  directions.  It  must  be  admitted  at  once 
that  the  expenses  attaching  to  an  Engineering  Research  Committee 
must  necessarily  be  heavier  than  has  been  the  case  with  the 
Engineering  Standards  Committee,  for  though  individuals  may  be 
ready  to  give  their  time  and  attention  to  meetings  and  the  general 
direction  and  co-ordination  of  different  researches,  the  actual 
carrying  through  of  the  researches  themselves  must  necessarily  be  a 
costly  matter. 

This  Institution  spends  a  certain  amount  of  money  annually  in 
research,  and  it  might  well  be  that  part  at  any  rate  of  the  money 
which  we  are   able   to   devote   to   individual  researches  might   be 
better   expended   in   helping   to   support   the   work   of   a    Central 
Engineering   Research    Committee,  and   that   other   Societies  and 
Institutions   might   also   be    ready    to   allot    funds    for   a   similar 
object.      I    am   well   aware   that   grants   in   aid   of    research   are 
already  made  from  many  sources,  notably  from  the  Royal  Society, 
from  the  Government,  as  well  as  from  various  private  firms  and 
individuals,  and  some  of   these  might  possibly  be  tapped  for  the 
more  specific  researches  which  would  fall  within  the  scope  of  the 
Engineering   Research  Committee.     The  advantages  which  would 
seem  to  accrue   from   such   a   step  would  be  the  prevention  of  a 
considerable   amount  of   overlapping   work ;    the  carrying   out   of 
individual  researches  to  absolute  results;    the  publication  of  such 
results,    and    the   inclusion    in    such    publication   of   accounts  of 
private    researches    and    experiments    carried  out   by   those   who 
would    associate     themselves    with     the     Engineering     Research 
Committee,  and  would  be  willing  to  place  results  of  work  privately 
carried    out    at    the    general    disposal    of    the    Committee.      In 
time,    the     Committee    would     doubtless     acquire    so    large    an 
accumulation    of     data    as    to    make    it    the    first    source    upon 
which     the     pubUc    would     draw    for     information    as     to     any 
research  already  effected,  and  as  to  the  possibilities  of  extending 
research  on  lines  which  might   at   the   moment   seem   to   require 
investigation. 

2  N' 
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The  subject  is,  of  course,  a  very  large  one,  but  it  covers  a 
combination  of  applied  science  and  practice,  and  as  such  falls 
readily  within  the  scope  of  the  subject,  or  subjects,  with  which 
I  have  been  endeavouring  to  deal  in  this  Address.  It  is,  however, 
only  right  that  I  should  say  that  the  suggestions  I  have  made 
with  regard  to  this  Research  Committee  are  made  on  my  own 
responsibiHty,  and  must  not  be  regarded  as  in  any  way  representing 
the  views  of  other  Members  of  the  Council.  I  have  not  so  far 
discussed  the  matter  with  them,  but  should  the  Council  be  disposed 
to  regard  the  idea  with  favour,  it  may  be  that  they  would  think 
well  to  take  the  initiative  in  instituting  inquiries  as  to  whether 
co-operation  could  be  arranged  from  private  individuals  and  from 
other  societies,  to  consider  the  practicabiHty  of  the  whole  subject, 
and  the  possibility  of  the  attainment  of  any  advantage  by  a  move 
in  this  direction. 

Gentlemen,  in  conclusion  I  tender  you  my  best  thanks  for  the 
courteous  hearing  you  have  given  me,  and  I  would  ask  to  be 
allowed  to  end  this  Address  with  the  earnest  hope  that  the 
prosperity  of  the  Institution  may  continue  on  the  best  and 
soundest  lines  for  the  benefit  of  its  Members  as  well  as  of  Mankind. 


Sir  Alexander  B.  W.  Kennedy  (Past-President)  said  he  was 
positively  ashamed  to  think  that  he  was  very  nearly  the  oldest 
Past-President  of  the  Institution  alive,  but  at  any  rate  that 
venerable  position  conferred  upon  him  the  privilege  of  moving  a 
resolution  of  thanks  to  the  President  for  the  Address  he  had  just 
given — one  of  the  few  privileges  of  old  age.  He  had  listened,  as  ho 
was  sure  the  members  had,  with  very  great  pleasure  to  the  Address, 
and  personally  he  had  listened  to  it  with  all  the  greater  pleasure 
because  Sir  Frederick  was  at  the  head  of  oiui  of  tljc  greatest 
manufacturing  works  in  Europe,  the  Ordnance  Factories  at 
Woolwich,  one  of  the  greatest  and  most  responsible  works  in  this 
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country.  Speaking  as  he  had  done  of  the  importance  of  the 
combination  of  practiciil  and  scientific  knowledge  in  the  engineer, 
he  was  not  speaking  as  an  outsider,  but  as  a  man  who  had  the  most 
intimate  knowledge  of  what  was  both  desirable  and  necessary  for 
engineers  employed  in  carrying  out  such  work  as  that  of  which  he 
had  personal  control.  That  consideration  added  the  very  greatest 
value  to  what  the  President  had  said. 

One  or  two  of  the  remarks  which  Sir  Frederick  had  made  had 
given  him  special  pleasure.  His  last  suggestion  of  the  possibility 
of  the  establishment  of  a  General  Engineering  Research  Committee 
struck  him  as  being  an  idea  of  so  much  value  that  he  trusted  it 
would  not  end  where  it  had  begun,  namely  in  the  President's  brain, 
but  that  it  would  be  developed  a  great  deal  further.  It  certainly 
seemed  to  him  to  be  an  extremely  promising  idea.  There  was  one 
thing  he  would  like  to  add  to  what  the  President  had  said  about 
the  research  work  carried  out  by  the  Institution,  because  his 
knowledge  of  the  Institution  went  back  further  than  Sir  Frederick's. 
The  President  had  stated  that  the  Institution  had  done  something 
in  the  way  of  research  into  a  few  matters  mainly  relating  to  steel 
and  other  alloys.  He  ventured  to  object,  gently,  to  the  word 
"  mainly,"  because  in  his  own  time — which  meant  a  great  deal  more 
than  twenty  years  ago — very  important  general  researches  were 
carried  out,  of  which  the  Institution  had  the  greatest  reason  to  be 
proud.  The  Institution,  for  example,  inaugurated  the  method  of 
testing  Marine  Engines,  which  had  been  absolutely  universally 
recognized  since  as  the  proper  method  of  testing  engines,  and  was 
now  considered  as  a  mere  matter  of  course  with  which  every  student 
was  thoroughly  acquainted.  But  in  those  days,  when  Mr.  Bryan 
Donkin,  Mr.  Henry  Davey,  and  others  were  working  at  the  question, 
this  was  not  at  all  recognized-^in  fact,  it  was  thought  that  engines 
used  coal  rather  than  steam  !  That  was  one  thing.  Another  piece 
of  work  which  the  Institution  did  at  that  time,  which  was  really 
of  very  great  importance,  was  the  research  on  Friction  made  by 
Mr.  Beauchamp  Tower,  which  he  believed  was  the  very  first 
research  that  put  the  engineering  aspect  of  Friction  into 
something  like  a  reasonable  and  rational  form.     Both  the  researches 
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to  which  he  had  referred  were  important  inquiries  carried  out  by 
the  Institution  at  a  very  early  date  when  it  first  took  up  the  work. 
As  an  old  engineering  teacher  himself,  he  was  only  too  glad  to 
back  the  President  up  in  what  he  had  said  about  engineering 
teachers,  although  from  the  historical  point  of  view  it  seemed  to 
him  rather  odd  that  such  statements  should  have  to  be  made.  All 
those  w^ho  were  acquainted  with  the  subject  would  bear  him  out, 
when  he  said  it  was  not  so  very  many  years  ago  since  the  engineering 
professor  was  a  man  scoffed  at  by  the  true  mechanic,  and  not 
admitted  within  the  pale  at  all.  Now,  apparently,  professional  work 
was  so  popular  with  young  men  that  it  was  necessary  for  the  President 
of  the  Institution  of  Mechanical  Engineers  to  argue  that  some 
practical  training  was,  after  all,  necessary'  even  for  the  professors.  It 
seemed  strange  that  things  should  have  come  round  so  much  !  The 
President  knew  very  well  that  the  Institution  of  Civil  Engineers, 
having  recognized  the  importance  of  the  fact  that  the  teachers 
should  be,  at  any  rate,  as  practical  as  their  students,  if  not  more  so, 
had  instituted  certain  regulations  in  regard  to  the  recognition  of 
academic  work  in  place  of  practical  training,  which  were  very 
drastic,  and  which,  he  trusted,  had  had  the  result  that  engineering 
teachers,  at  least  so  far  as  they  became  members  of  the  Institution 
of  Civil  Engineers,  could  be  trusted  to  be  really  practical  men  as 
well  as  men  competent  to  instruct  in  theory.  He  had  no  doubt 
whatever  that  the  new  Examination  Regulations  of  the  Institution 
of  Mechaniciil  Engineers  would  work  in  the  same  direction,  becjiuse 
it  was  at  least  as  important  that  the  practicality  of  the  teacher 
should  be  ensured  as  the  practicality  of  the  student.  He  would 
not  detjiin  the  Members  longer,  but  he  desired  to  express  his  own 
pleasure — and  he  knew  he  was  expressing  theirs — at  having  heard 
tlie  President's  Address,  and  in  tendering  to  him  the  thanks  of  the 
Institution  for  having  prepared  it. 

Dr.  William  H.  Maw  (Past-President)  said  it  gave  him  very 
great  pleasure  to  second  the  vote  of  thanks  wliicli  lia.d  been  proposed 
by  his  friend  Sir  Alexander  Kennedy.  As  Sir  Alexander  had 
touched  on  many  of  the  leading  points  of  the  President's  Address, 
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it  was  quite  unnecessary  that  he  should  go  through  them  again. 
He   wished    to   say,   however,  that  he    most   thoroughly  endorsed 
everything  Sir  Alexander  said,  and  felt  with  him  that  the  portion 
of  the  Address  dealing  with   the  training  of  young  engineers  was 
likely  to  have  very  great  practical  effect,  and  deserved  to  be  most 
carefully  studied.     If  it  was  so  studied,  he  thought  there  was  a 
probability  that  it  might  produce  a  kind  of  by-product  to  which  the 
President  did  not  allude.     As  the  Members  were  well  aware,  the 
number   of   training    institutions    in    the    country   had    increased 
enormously  in  the  last  few  years,  and  there  was  consequently  a  very 
large    demand   for   professors,  assistant   professors,    and    teachers. 
That    demand    could     not    be     filled    adequately,    unless     special 
endeavours  were  made  to  induce  men  of  really  practical  experience 
to   take  up   the   positions   thus    created,  and   in   many  cases  the 
remuneration  offered  was  not  sufficient  to  induce  really  practical 
men,  possessing  good  engineering  qualifications,  to  undertake  the 
professorships.      There  was  also  a  very  great  inducement  at   the 
present  time  for  young  engineers  who  had  had  a  short  experience 
in  drawing-offices  to  be  tempted  away  from  real  practical  work  to 
undertake  the  position  of   demonstrators   or   assistant   professors, 
because  the  remuneration  offered  for  such  positions  was  better  than 
they  could  at  the  time  obtain  in  the  drawing-office.     He  would  like 
such  young  engineers  to  remember  that  in  accepting  positions  of 
that  kind  they  were  really  damaging  their  prospects  of  advancement 
in  the  profession.     It  was  a  very  bad  thing  indeed  for  a  young 
engineer  to  give  up  practical  work  too  early.     The  Council  had  a 
number  of  proposals  coming  before  them  from  time  to  time,  which 
showed  that  young  men  had  served  their  time  in  the  works,  had, 
perhaps,  had  a  couple  of  years  in  the  drawing-office,  but  had  then 
abandoned  practical  work  entirely,  and  went  in  for  teaching.     He 
thought  such  young  engineers  should  bear  in  mind  what  was  likely 
to  happen  to  them  later  on  in  life,  and  if  they  did  so,  he  thought 
they  would  not  be  inclined    to  cut  their  practical  training  short. 
He  wished,  in  conclusion,  to  endorse  everything  that  Sir  Alexander 
Kennedy  had  said  as  to  the  high  merits  of  the  Address  to  which 
the  Members  had  had  the  privilege  of  listening.     The  applause  with 
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which  it  was  greeted  was  a  sign  of  the  Members'  appreciation ; 
but,  notwithstanding  that,  it  was  desirable  that  such  appreciation 
sliould  be  recorded  permanently  by  the  formal  vote  of  thanks  which, 
Sir  Alexander  had  proposed,  and  which  he  (Dr.  Maw)  had  very, 
great  pleasure  in  seconding. 

The  Resolution  was  put  to  the  Meeting  by  Sir  Alexander 
Kennedy,  and  carried  with  acclamation. 

The  President,  in  reply,  said  it  was  impossible  for  him  to  tell 
the  Members  how  highly  he  appreciated  the  vote  of  thanks  which 
they  had  so  kindly  passed  to  him  on  the  motion  of  Sir  Alexander 
Kennedy,  seconded  by  Dr.  Maw.  He  was  fully  conscious  that  his 
own  desires  had  fallen  short  of  what  he  could  wish  to  have 
presented  in  his  Address,  but  if  there  was  anything  in  it  which 
could  be  twisted  by  friendly  critics  to  the  advantage  of  the 
Institution,  he  was  more  than  repaid.  Sir  Alexander  Kennedy  had 
taken  him  to  task  for  omitting  to  mention  one  or  two  things  which 
he  ought  to  have  remembered,  particularly  the  researches  on 
practical  engineering  problems  which  were  carried  out  when  Sir 
Alexander  rather  suggested  that  he  (The  President)  was  in 
swaddling  clothes.  He  assured  the  Members  he  was  not  in 
swaddling  clothes  at  the  period  when  those  experiments  were  carried 
out.  The  researches  into  problems  connected  with  steel  and  other 
alloys,  to  which  he  had  referred  in  his  Address,  were  going  on  at 
the  present  moment,  and,  therefore,  possibly,  were  likely  to  be  more 
prominently  in  the  eyes  of  the  Members  of  the  Institution,  as  they 
were  in  his  own  ;  but  it  was  very  far  from  his  wish  to  neglect  the 
most  valuable  work  tliat  liad  been  done  in  the  past,  and  he  was 
deeply  grateful  to  Sir  Alexander  for  reminding  him  of  the  omission. 
He  thanked  the  Members  most  heartily  for  the  vote  of  thanks  so 
kindly  extended  to  iiim. 
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THE   DESIGN   OF   VOLUTE   CHAMBERS   AND   OF 
GUIDE-PASSAGES   FOR   CENTRIFUGAL   PUMPS. 


By  Professor  A.  H.  GIBSON,  D.Sc,  Member, 
OP  University  College,  Dundee. 


[Selected  for  Publication  with  Discussion  in  writing. '\ 

Of  all  the  losses  in  the  centrifugal  pump,  that  due  to  the 
impossibility  of  converting  all  the  kinetic  energy  of  the  water 
leaving  the  impeller,  into  pressure  energy,  is  the  most  important. 
In  a  modern  pump  this  kinetic  energy  usually  amounts  to  between 
30  and  50  per  cent,  of  the  total  energy  at  discharge  from  the 
impeller,  and  the  efficiency  of  the  pump  depends  very  largely  on  the 
efficiency  of  its  conversion  into  pressure  energy. 

Of  the  devices  adopted  with  this  end  in  view,  the  ring  of  guide- 
ivanes  surrounding  the  impeller,  and  forming  divergent  passages  in 
which  the  velocity  is  gradually  reduced,  is  the  most  efficient  under 
favourable  conditions,  and  may  enable  some  75  per  cent,  of  the 
energy  to  be  converted.  Since  the  efficiency  of  such  a  system 
depends  largely  on  the  suitability  of  the  vane  angles,  unless  these 
are  so  designed  as  to  receive,  without  shock,  the  streams  leaving 
the  impeller,  their  value  is  considerably  reduced.  As  with  fixed 
guide-vanes  this  angle  can  only  be  adapted  to  one  particular  speed 
and  delivery  ;  any  deviation  from  the  normal  working  conditions 
reduces  their  efficiency.  Furthermore,  where,  as  is  often  the  case, 
there  is  a  possibility  of  floating  debris  being  drawn  into  the  pump, 
the  jamming  of  this  between  the  impeller  and  guide-vanes  may 
distort  the  tips  of  the  latter  with  serious  results  as  regards  the 
working  of  the  installation. 
[The  I.Mech.E.] 
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For  this,  among  other  reasons,  modern  pump  design  appears  to 
be  tending  in  the  direction  of  the  simpler  type  of  pump  with  a 
modified  vortex  chamber  or  a  simple  volute  surrounding  the 
impeller,  but  without  guide-vanes.  During  the  last  few  years  many 
such  pumps  have  been  built  both  in  the  United  States  and,  to  a 
smaller  extent,  in  this  country,  for  comparatively  high  lifts. 

The  efficiency  of  such  a  pump  depends  in  a  high  degree  on  that 
of  tts  volute  considered  as  an  energy-conversion  device,  and  the 
latter  efficiency  must  obviously  depend  on  the  proportions  of  the 
volute.  Apart  from  friction,  the  loss  in  a  volute  chamber  is  due  to 
eddy  formation  accompanying  the  impact  of  the  streams  leaving  the 
impeller,  on  the  body  of  water  flowing  around  the  volute.  It  is 
evident  that  some  definite  proportions  for  the  latter  chamber  will 
reduce  this  loss  to  a  minimum,  and  furthermore  that  a  rational 
design  can  only  be  based  on  a  knowledge  of  the  magnitudes  of  such 
losses  and  of  their  dependence  on  the  velocities  and  angles  of  impact, 
and  on  the  cross-sectional  areas  of  the  streams  involved.  The  lack 
of  such  experimental  data  is  doubtless  responsible  for  the  great 
divergence  of  opinion  as  to  the  best  proportions  to  be  adopted, 
which,  as  shown  by  a  comparison  of  modern  pumps  by  reputable 
makers,  exists  among  those  responsible  for  their  design. 

Recent  experiments  at  University  College,  Dundee,  on  the  losses 
accompanying  the  impact  of  confined  jets  have,  however,  furnished 
data  which  appear  to  enable  a  rational  basis  of  design  to  be 
formulated.  This  is  developed  in  the  present  Paper,  but  it  may  be 
advisable  first,  for  purposes  of  comparison,  to  outline  the  assumptions 
on  which  present-day  design  is  often  based.  In  this  discussion  the 
following  symbols  will  be  used  : — 

Uj  represents  the  velocity  of  the  impeller  at  its  outer  periphery. 

W2  represents  the  tangential  component  of  the  velocity  of  the  water 

leaving  the  impeller, 
/j  represents  tlic  radial  component  of  the  velocity  of  the  water  leaving 

the  impeller. 
V,  represents  the  absolute  velocity  of  the  water  leaving  the  impeller. 
V,  roprcBents  the  velocity  of  flow  in  the  volute. 

e  represents  the  angle  which  the  discharging  streams  make  with  the 
moan  direction  of  flow  in  the  volute. 
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Owing  to  the  divergence  of  the  sides  of  the  volute,  6  will 
probably  be  slightly  less  than  the  angle  between  the  direction  of  the 
discharging  streams  and  the  tangent  at  the  point  of  discharge.  The 
diflerence  can,  however,  only  be  small  and,  being  unknown,  will  be 
neglected. 

When  a  stream  of  water  at  velocity  V2  impinges  at  an  angle  0 
on  a  second  stream  moving  with  velocity  v^,  it  has  been  usual  to 
assume  that  the  loss  of  energy  per  lb.  of  the  impinging  stream  is 
given  by 

(^2  sin  a)-       (V2  cos  e  -  v^Y' 

or,  as  applied  to  the  case  of  the  pump,  by 

^^-^^'ft.-lb (2) 

The  first  term  represents  the  kinetic  energy  in  virtue  of  the  normal 
component  of  the  velocity  of  impact,  which  is  assumed  to  be  entirely 
lost,  and  the  second  term  represents  the  loss  of  the  energy  possessed 
in  virtue  of  the  tangential  component  of  the  velocity. 

Here  v^  and  6  depend  on  the  design  of  the  impeller  and  on  its 
speed  and  discharge,  but  are  independent  of  the  form  of  the  volute, 
which,  however,  determines  v^.     As,  if  there  were  no  impact  losses, 

the   gain   of  pressure  energy  in  the   volute   would    be   -^-o — -  or 

(v    cos  0\^  —'  V  ^ 

sensibly  -^ ^^ ^    ft.-lb.  per  lb.,  the  total  gain  of  energy,  on 

this  assumption,  is  approximately  equal  to 

"''°°^''>'-''';;"''°°^^-"->'ft-lb.peY-lb.  .  .        (3) 

This  is  a  maximum  and  equal  to 

0-5  (^2  cos  0)2        ^   ^  w^o'^     , 

2g or  0'5  2"-  when  v-^=zO'^  w^. 

In  modern  pumps  6  is  usually  between  6°  and  12°,  so  that  cos  B  is 
approximately  unity,  and  this  makes  v^  approximately  one  half  v^. 
On    these   assumptions   the   most   efficient   volute  would  make   v-^ 

equal  to  2'  and  would  then  have  an  efficiency  of  practically  50  per 
cent.     Since  this  discussion  neglects  friction  losses,  a  more  efficient 
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design  would  have  a  somewhat  smaller  value  of  v^,  and  in  practice 
v^  usually  lies  between  O'Slv.^  and  O'i^v.y. 

In  such  a  chamber  the  area  usually  increases  uniformly  from 
E  to  D,  Fig.  5  (page  529),  its  value  being  calculated  so  as  to'give  this 
velocity  of  flow  at  each  point  under  normal  working  conditions.  An 
examination  of  modern  pumps  of  this  type  shows  that  instead  of 
some  50  per  cent,  of  the  kinetic  energy  of  discharge  being  converted 
into  pressure  energy  in  the  volute,  only  between  10  percent. and  30 
per  cent,  is  actually  so  converted. 

The  assumptions  on  which  the  foregoing  analysis  is  based 
cannot,  however,  be  justified  either  theoretically  or  experiment{\lly, 
and  a  more  rational  basis  of  design  will  now  be  outlined. 

'  Experimental  Determination  of  Impact  Losses.  —  Recent 
experiments  *  on  the  loss  at  impact  of  impinging  streams,  only  one 
of  which  is  deviated  by  the  impact,  show  that  if 

Vi  is  the  velocity  of  the  primary  (undeviated)  stream 
A^     ,,     area  ,,  ,,  ,,  ,, 

■  '  V2     „      velocity      ,,        impinging  (deviated);        „ 
A2     „      area  ,,  „  '   9»      ■        ■  ij  ^ 

0     „      angle  of  impact, 
the  loss  is  equal  to 

a  2^  +  ^  qlj  ft.-lb.  per  lb.  of  the  impinging  stream  .  (4) 
The  values  of  a  and  6  in  this  formula  depend  not  only  on  0  but  on 
the  ratio  of  A^  to  A2.  Calling  this  ratio  m,  they  are  given  with  a 
close  degree  of  accuracy  by  the  relationships       •   Y^  "•*  -^, 

0-0052^,  ..     ,         A-    •     ^  ^^ 

a  = 6^^^  where  6  is  in  degrees, 

\    m    J  m 

so  long  as  m  is  greater  than  2. 

The  values  of  a  and  h  for  values  of  m  between  1  and  6,  and  for 
various  values  of  ^,  are  given  graphically  in  the  curves  of  Figs.  1 
and  2. 

♦  By  the  author,  Trans.,  Royal  Society  of  Edinburgh,  1913,  Vol.  xlviii, 
Part  4,  page  799. 
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If  Qj  and  Q.,  are  the  volumes,  in  cubic  feet  per  second,  conveyed 
by  the  two  streams,  and  if  Q^  =  nQ.^,  the  formula 

loss  =  a  2a  "^  ^  2a  ^^^  ^^  written — 

loss  =  }a  Qy  +  hl^'  ft.-lb.  per  lb.  of  steam  (2)  .     (5) 

Fig.  1. 
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The  error  involved  by  a  use  of  the  old  formula  : — 

i^o«       (^2  sin  ey  +  {v^  cos  e  -  v,Y  -     „ 

loss  =  ^ ft.-lb.  per  lb. 

depends  largely  on  the  values  of  Vi,  v^,  0,  and  m.     The  values  of 
the  losses  calculated  by  [this  formula  2and  expressed  as  a  fraction 
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of  o^are  shown  in  Table  1,  against  those  experimentally  obtained. 
These  figures  sufficiently  emphasize  the  inaccuracy  of  the  formula. 

TABLE  1. 


i             ;             i 

Values  of  6. 

10° 

Loss. 

15°  Loss. 

30°  Loss. 

Actual. 

Calcu- 
lated. 

Actual. 

Calcu- 
lated. 

Actual. 

Calcu- 
lated. 

i 

v^  =  Vo        ! 

0-322 

0-030 

0-37 

0-07 

0-55 

0-27 

m  =  2 

Vj  =  O'SVj 

0-277 

0-265 

0-30 

0-28 

0-40 

0-38 

' 

,Vi  =0'25v2 

0-266 

0-570 

0-28 

0-58 

0-36 

0-63 

( 

r  V,  =  v. 

0-605 

0-030 

0-62 

0-07 

0-72 

0-27 

w  =  4 

Vy     =    O-SVg 

0-582 

0-265 

0-59 

0-28 

0-64 

0-38 

Vy  =  0'25v2 

0-577 

0-570 

0-58 

0-58 

0-63 

0-63 

Vy=V, 

0-721 

0-030 

0-74 

0-07 

0-80 

0-27 

m  =  6' 

V,  =  0  •  5^2 

0-705 

0-265 

0-72 

0-28 

0-75 

0-38 

Vi  =  0-25^2 

0-701 

0-570 

0-71 

0-58 

0-73 

0-63 

Application  to  the  Design  of  Volute  Chambers. — On  the  assumption 
that  the  state  of  affixirs  during  the  impact  of  each  of  the  streams 
leaving  the  impeller  of  a  pump  is  analogous  to  that  in  a  single 
stream  impinging  under  the  same  conditions  as  to  direction  and 
velocity,  the  foregoing  results  may  be  used  to  determine  the 
necessary  areas  of  the  volute  chamber  for  maximum  conversion  of 
energy. 

If  Vj  be  the  velocity  of  flow  along  the  discharge  pipe  of  a  pump, 
if  there  were  no  losses  other  than  those  alri^ady  considered,  the 
increase  of  pressure  energy  in  a  stream  discharging  into  the  volute 
at  a   point  where   the   volute   velocity   is  Vj  would   bo  given  by 
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hg  \v-2r  -  v/  -  (a  Vi^  4-  h  v.^)]  ft.-lb.  per  lb. 

Actually,  the  reduction  of  velocity  from  v^  to  v^  is  accompanied 
by  a  further  loss  of  energy  which  is  proportional  to  {i\  —  v^)". 
Experiments  on  flow  in  diverging  passages  *  show  that  if  the  sides 
diverge  at  an  angle  of  6°  (in  a  circular  pipe)  the  loss  of  head, 

(^1  -  Vd)' 


including  friction,  is  about  0*13 


2sr 


For  values  of  the  angle 


Fig.  2. 


2  3  4  6  6 

RATIO    OF     AREAS      OF      PRIMARY      AND      SECONDARY      STREAMS 


either  greater  or  less  than  Q°  the  loss  is  greater,  and  for  such  angles 
of  divergence  as  are  usual  in  the  volute  chambers  of  pumps,  where 
these  are  of  circular  or  approximately  circular  section,  may  be  taken 


as  0*15 


^g 


without   sensible   error.     The   total  increase   of 


pressure  energy  after  leaving  the  impeller  will  then  be  given  by 


*  Royal  Society  of  Edinburgh,  1911 ,  Vol.  xlviii,  page  97. 
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"  Ig  1^2'  -  ^/  -  0- 15  (j;i  -  v,y  -  (a  i;,^  +  6  v,"^)^ 

=  IgU/  (1  -  ^)  -  (0-15  +  a)  yi2  _  ^^  (i-jg  „^  _  q-SO  i^oi 

ft. -lb.  per  lb.  of  discharge  from  the  impeller. 
If  Vj  =  3  •  85  Vrf,  this  simplifies  to 

I'  [(1  -  '■>  -  ©  {0-15  +«n  ft.-lb.  per  lb.     .         .     (6) 

where  m  is  the  ratio  of  the  cross-sectional  area  of  the  volute  at 
the  point  under  consideration,  to  the  area  of  the  stream  leaving  the 
impeller. 

This  ratio  of  v^  to  v^  is  in  close  agreement  with  practice,  and  as 
any  probable  deviation  from  it  has  a  comparatively  small  effect  in 
modifying  the  result,  the  simple  formula  (6)  will  be  taken  as 
applying  throughout  the  discussion. 

If  the  ratio  Qi  -i-  Q2  ( =  n)  be  known,  the  known  values  of  a  and  h 
enable  the  value  of  m  for  maximum  gain  of  pressure  to  be  calculated 
by  successive  approximations.  For  example,  if  ^  =  10°,  and  Q^  = 
2  Q2  (w  =  2),  a  reference  to  Figs.  1  and  2  (pages  523  and  525)  shows 
that : — 
ifm  =  l-5.    a  =  0-122;  6  =  0-122  .^  {S^^^^j/J^  ^^ 

„m=l-75,  a  =  0-085;  6  =  0-190  „         =  (0-810-0-307)  ^'^  =  0-503  ^-^ 

„w  =  2-0,    a  =  0-060;  6  =  0-255  „    ,     =  (0-745-0-210)  ^'-' =  0-535  ^' 

,  2gf  2g 

„m  =  2-5,    a  =0-040;  6  =  0-375  „         =  (0-C25-0-115)  ^' =  0-510  ""'' 

2j7  2g 

On  plotting  against  values  of  m,  it  appears  that  the  maximum  gain 
is  attained  when  m  =  2- 1  and  equals  0-536  2'   feet. 

To  facilitate  the  solution  of  practical  problems  the  range  of 
values  of  6  from  0°  to  20"  and  of  m  from  1  to  28  have  been 
examined  in  this  way.  As  a  result  it  appears  that  the  value  of  m 
for  maximum  gain  of  pressure,  or  for  minimum  loss  by  shock  and 
by  rejection  of  kinetic  energy,  is  given  witli  a  close  degree  of 
accuracy  by  the  relationship 

7«  =  1-10 -fO'Uw'^-f  0-0265  M^     .  .  .  .     (7) 

where  w  =  Q,  -^  Q.j,  and  6  is  in  degrees. 
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Fig.  3.^ 
Values  of  ^*  m^'  giving  Minimum  Loss. 
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VALUES    OF     Q,  -r  Q2    (  =  "^0 


10 


12 
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The  best  values  of  m  for  different  values  of  n  and  of  0  are  shown 
graphically  in  Fig.  3,  while  Fig.  4  (the  data  for  which  have  been 
calculated  as  above)  shows  what  fraction  of  the  kinetic  energy  of 
discharge  is  converted  into  pressure  energy  with  these  best  values 
of  m. 

In  the  volute  chamber,  let  0  be  the  angle  of  impact  of  each  of 
the  discharging  streams,  Fig.  5  ;  N  the  number  of  vanes  or  passages 


Fig  4. 


4  6  6  7 

VALUES    OF    Q,  -i  Qa 


10 


12 


in  the  impeller ;  y  their  discharge  angle ;  r  the  radius,  and  h  the 
breadth  of  the  impeller  at  its  outer  periphery. 

Let  Q^  be  the  volume  discharged  from  eacli  passage  per  second. 
Then  at  a  point  distant  x  (nujasured  along  tl»e  periphery  of  the 
impeller)  from  E,  Fig.  5,  the  volume  of  flow  in  the  volute,  i.'.^  Q^, 

is  equal  to    ,  '^'■'^ 


'2iTr 


.'.  J^'  =  ^  =  w  of  the  foregoing  formula. 
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The  effective  area   of   each   impinging   stream,  normal   to   its 
direction  of  flow,  =  --j^   sin  6  (neglecting  the  space  occu^Died  by  the 

vanes),  and  the  value  y  of  the  area   of  the   volute  at   this  point 
for  minimum  loss  is  given  by : — 

y  =  (effective  discharge  area  of  each  passage)  x  m      .     (8) 

Fig.  5. 


where  m  is  given  for  any  value  of  n,  and  of  6  either  by  formula  (7) 
or  by  the  curves  of  Fig.  3  (page  527). 

For  example,  let  »•  =  8  inches ;    6  =  1  •  5  inches ;  No.  of  vanes 
N  =  10;  e  =  10". 
Then 

Sin  ^  =  0*  173G,  and  the  effective  area  of  each  stream 
2  TT  X  8  X  1-5  X0-173G 


10 


=  1  '31  sq.  in. 


2  0 
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Therefore  where : — 
x=    ^^'  i.e.^'^  =  l,vi=    1-4  (Fig.  3)  and  7/ =    1-4  x  1-31  =    1-84  sq.  in. 

a:=    ^^-    „    ^'=2,m=    2-1  „  y=    2-1  x  1-31=    2-75  „  „ 

x=    ^^'   „    ^'  =  4,^=    4-3  „  y=    4-3  X  1-31=    5'G3  „  „ 

x  =  ^   „    ^  =  G,m=    7-8  „  y=    7-8  x  1-31  =:  10-2     „  „ 

a:  =  l^i'   „    9i=:8,  m  =  12-l  „  7/ =  12-1  x  1-31  =  15-9     „  „ 

a;  =  ^-'*„    ^'  =  lO(atB),  w  =  17-5  „  ?/  =  17-5  x  1-31  =  22-9     „  „ 

The  conversion  into  pressure-energy  per  lb.  of  the  impinging 
stream  at  each  of  these  points  is  given  by  the  corresponding 
ordinates  of  the  curve  marked  10°  in  Fig.  4  (page  528),  and  the  mean 

height  of  this  curve  between  the  ordinates  ^^  =  0,  and  10  gives  the 

mean  increase  in  pressure  outside  the  impeller,  expressed  as  a  fraction 

of    f"  •     In   this   case  it  amounts   to  0*30    y\  indicating    that    a 

volute  for  this  pump,  however  well  designed,  cannot  utilize  more 
than  30  per  cent,  of  the  kinetic  energy  of  discharge. 

An  examination  of  Fig.  4  shows  that  the  loss  increases  rapidly 
as  the  ratio  of  Qi  -i-  Q2  in  the  volute  increases,  that  is,  towards  the 
discharge  end  of  the  volute,  and  as  the  maximum  value  of  this  ratio 
is  the  same  as  the  number  of  vanes  in  the  impeller,  it  also  indicates 
that  an  increase  in  the  number  of  vanes,  even  witli  a  volute  designed 
to  suit  this  number,  increases  the  shock  loss.  Tliis  point  is  brought 
out  ))y  Table   2,  wliicli  sliows  the  increase  in    pressure,  in   terms 

of   -J-     with    e.'icli    of    a    series   of  volutes   of  l)Ost   form,    designed 

respectively  to  take  the  discliarge  from  1,  2,  ',],  4,  (),  H,  10,  or  12 
v.iiie^,  and  for  dillereut  values  of  0, 
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TABLE  2. 

Proportion  of  Kinetic  Energy  of  Discharge  wJiicJi  may  he  converted  into 
Pressure  Energy  with  a  Volute  of  Best  Form. 


e 

Number  of  Vanes 

1 

2 

3 

4 

0-59 

6 

8 

0-38 

10 

12 

5° 

0-90 

0-79 

0-68 

0-46 

0-32 

0-28 

7i° 

0-88 

0-77 

0-66 

0-57 

0-45 

0-37 

0-31 

0-27 

10° 

0-86 

0-75 

0-64 

0-56 

0-44 

0-36 

0-30 

0-26 

15° 

0-82 

0-71 

0-61 

0-53 

0-41 

0-34 

0-28 

0-24 

20° 

0-77 

0-66 

0-56 

0'49 

0-37 

0-31 

0-26 

0-21  . 

From  this  it  appears  that  in  a  pump  of  this  type  the  smaller  the 
number  of  vanes,  the  more  efficient  is  the  corresponding  volute, 
and  other  things  being  equal,  also  the  pump.  This  statement 
is,  however,  to  be  qualified  by  the  fact  that  too  few  vanes  give 
insufficient  guidance  to  the  water,  and  increase  the  tendency  to  the 
formation  of  circulatory  currents  behind  the  discharging  edge  of 
each  vane. 

Experimental  evidence  on  this  point  is  not  conclusive,  since 
from  what  has  already  been  said  it  will  be  evident  that,  for  an 
impeller  with  a  given  number  of  vanes  to  give  its  best  results,  the 
volute  chamber  must  be  designed  to  suit  this  number  of  vanes, 
whereas  such  comparative  tests  of  impellers  as  are  available  have 
been  carried  out  with  a  common  volute,  and  are  not  therefore  of 
great  value.  Still  the  curves  of  Fig.  6,  which  are  prepared  from  the 
results  of  recent  tests  at  the  University  of  Wisconsin  on  a  pump 
having  an  impeller  8*81  inches  diam.  X  1*125  inches  wide,*  w^ith 
vanes  having  radial  tips,  and  so  formed  as  to  give  a  constant  area 
of  waterway,  indicate  that  there  is  a  good  deal  in  the  contention. 


♦  Bulletin,  University  of  Wisconsin.  1907,  No.  173,  page  529. 
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The  figures  of  Table  2  also  indicate  to  what  extent  a  reduction 
in  the  value  of  6  reduces  the  volute  losses.  In  a  given  pump  6  may 
be  reduced  by  increasing  the  vane  angle  y,  but  only  at  the  expense 
of  an  increase  in  v.^,  and  theory  shows,  as  is  confirmed  in  practice, 
that  little  is  to  be  gained  by  increasing  y  beyond  about  30°, 


Fig.  G. 
Comparative  Results  of  Impellers  loitU  cliff ercjit  number  of  Yancs. 


15  20  25 

HEAD     IN     FEET 


40 


Determination    of  0    in    Case   of  Pump. — As    indicated    by    the 
triangle  of  velocities  in  Fig.  5  (page  529),  tlio  relationsliips 


/^  cot  y  =  n.^  -  w.^ 
f.^  =  vh^  tan  6 


(■•>) 

(10) 
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theoretically  apply  at  the  discharging  edge  of  each  vane.  Owing, 
however,  to  the  fact  that  only  those  particles  of  water  near  to  the 
driving  face  of  the  vane  are  discharged  parallel  to  its  tip,  the  real 
value  of  y  for  the  discharging  stream  is  less  than  the  vane  angle  y, 
and  consequently  the  tangential  velocity  w^  is  less  than  is  indicated 
by  equation  (9)  above.  Experiments  *  show  that  if  'W.^^  be  calculated 
by  this  equation,  its  real  value  is  kw.j^^  where  h  has  the  approximate 
values  given  in  Table  3  : — 

TABLE  3. 


Number 

Vane  Angle  y. 

of 
Vanes. 

20° 

25° 

30° 

45° 

60° 

90° 

6 

0-80 

0-79 

0-78 

0-77 

0-76 

0-75 

8 

0-85 

0-84 

0-83 

0-82 

0-81 

0-79 

10 

0-90 

0-89 

0-88 

0-87 

0-86 

0-84 

12 

0-95 

0-94 

0-93 

0-92 

0-90 

0-87 

Using  the  corrected  value  of  w^  in  the  formula  tan  0  =  —  gives  6. 

This  value  of  6  is  probably  slightly  low  because  experiments  show 
that  a  dead-water  space  which  is  not  utilized  for  discharge  is  formed 
on  the  rear  side  of  each  vane,  and  that/^  is  in  consequence  somewhat 
greater  than  its  calculated  value.  To  counterbalance  this,  however, 
we  have  the  fact  that,  owing  to  the  gradual  increase  in  the  radius 
of  the  outer  boundary  of  the  chamber,  the  actual  change  of  direction 
of  the  streams  on  impact  is  slightly  less  than  the  angle  of  impact  0, 
These  effects,  which  are  severally  small,  must  to  a  large  extent 
counterbalance  each  other,  and  calculations  show  that  in  any 
normal  pump  the  error  involved  in  the  value  of  0,  by  neglecting 
both  of  these,  does  not  exceed  one  degree. 


*  Bulletin,  University  of  Wisconsin,  1907,  No.  173. 
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Experimental  Besults. — The  large  cost  involved  in  modifying  the 
volute  chambers  of  a  series  of  pumps  has  caused  investigation 
of  this  question  on  the  experimental  side  to  be  confined  to  a  pump 
forming  part  of  the  equipment  of  the  Hydraulic  Laboratory  at 
University  College,  Dundee.  This  has  a  single  encased  impeller ; 
diameter  13*5  inches;  breadth  0*5  inch;  y  =  30°;  having  ten 
vanes   and  designed  to  discharge  425  gallons  per  minute   against 


Fig.  8. 


1-0  1'1  1-2 


85  feet  head,  at  1,250  revolutions  per  minute.  The  volute  is  of  the 
usual  circular  section  as  sliown  in  Fig.  7.  In  order  to  reduce  this 
cross  section,  the  spaces  at  S^Si  were  filled  in  wholly  or  in  part  by 
Plaster  of  Paiis  o)*  Plasticine  (experiments  a),  or  by  Babbitt 
Metal  ('/),  while,  in  experiments  (/>)  and  (r)  tlie  section  was  cut 
down  by  means  of  a  continuous  wooden  strip  Jn'iit  to  sliape  and 
filling  up  the  space  S^.  As  thus  modified,  the  areas  of  the  volute  at 
sections  A,  15,  0  and  1),  Fig.  5  (respectively  90^  180",  270"  and  3G0° 
from  tlie  cutwater),  were  as  follows  : — 
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TABLE  4. 


Calculated  best  form 
Original  volute 
Modification  (a) 

(&) 

(0) 


Area  of  Volute  (square  inches)  at  Point. 

A 

0-79 
1-1 
0-87 
1-1 

1-1 

0-77 

B 

G 

D 

1-77 

2-6 

1-9 

2-2 

2-2 

1-3 

3-30 

4-1     . 

3-5 

3-0 

2-5 

1-6 

5-36 

5-6 

5-5 

4-3 

3-0 

1-9 

I 


I 


Volute  (a)  thus  forms  a  fair  approximation  to  the  calculated 
best  form.  Volute  (h)  and  the  original  both  differ  from  the  ideal, 
but  whereas  the  original  is  of  better  proportions  towards  the 
outlet  D,  (h)  is  of  better  form  about  B,  but  is  restricted  in  area  over 
the  latter  half  of  its  length.  This  restriction  is  still  further  marked 
in  (c),  while  in  {d)  the  volute  is  considerably  smaller  throughout 
than  should  be  the  case  according  to  the  analysis. 

The  results  of  the  efficiency  tests  with  these  volutes  are  shown 
in  Fig.  8  and  afford  a  satisfactory  confirmation  of  the  validity  of 
the  analysis.  As  compared  with  the  original  volute,  modification 
(a)  increases  the  maximum  overall  efficiency  of  the  pump  by 
approximately  6  per  cent.,  while  the  greater  the  ditlerence  between 
the  volute  and  that  indicated  by  the  theory,  the  smaller  the 
efficiency. 

Comparison  between,  Modern  Types  of  Volute  and  those  designed  by 
the  foregoing  Analysis. — In  order  to  compare  the  proportions  of  the 
volute  as  commonly  fitted,  with  those  of  the  volute  designed  by  the 
aid  of  this  analysis,  a  few  typical  modern  single-chamber  pumps  by 
makers  of  repute  have  been  examined.  The  essential  dimensions, 
etc.,  of  tbese  are  as  in  Table  5  (page  536) ;  while  the  areas  of  the 
volutes  at  points  A,  B,  C,  D,  Fig.  5  (page  529),  as  measured  and  as 
calculated  for  the  ideal  volute,  are  as  in  Table  6  (page  536). 
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It  will  be  noted  that  the  volutes  are  in  every  case  larger  than 
corresponds  to  maximum  efficiency,  and  that  the  proportional 
difterence  is  much  more  pronounced  over  the  first  than  over  the 
second  half  of  the  volute.  With  the  exception  of  (c  and  c'),  which 
is  the  pump  tested  by  the  author,  the  efficiencies  given  in  the  last 
column  of  Table  6  are  taken  from  published  records  of  tests  by  the 
makers. 

Pump  (a),  which,  because  of  its  comparatively  low  head  and  low 
speed  of  rotation,  should,  if  well  designed,  show  a  high  efficiency,  is 
the  least  efficient  of  the  series,  and  it  will  be  noted  that  this  is  the 
pump  in  which  there  is  the  greatest  difference  between  calculated 
and  actual  proportions  of  volute.  Pump  (h),  on  the  other  hand, 
shows  the  closest  coincidence  between  the  two  sets  of  values,  and 
in  spite  of  its  large  number  of  vanes  (10)  shows  the  high  efficiency 
of  72  per  cent. 

An  analysis  of  the  results  of  tests  on  (a)  shows  that  while  the 
rise  in  pressure  outside  the  impeller  would  be  approximately 
5-2  feet  (0*43  ~,  Fig.  4)  with  the  ideal  volute,  the  actual  rise  was 

approximately  2  •  8  feet,  or  only  54  per  cent,  of  that  available  with 
the  former  chamber.  The  additional  gain  would  increase  the  over- 
all efficiency  of  the  pump  by  roughly  10  per  cent.  Similarly  in  {c) 
the  rise  in  the  ideal  volute  would  be  approximately  14  feet 
(0*31  —-)  as  against  9  feet  in  the  actual  chamber.  In  this  case  the 
modification  of  the  chamber  would  increase  the  efficiency  by  roughly 
6  per  cent.* 

These  examples  sufficiently  indicate  the  possibilities  of 
improvement  of  the  volute  as  usually  constructed.  It  will  be  noted 
that  these  are  in  general  too  large  for  maximum  efficiency,  so  that 
their  modification  would  rather  reduce  than  increase  the  cost  of 
construction. 

The  figures  of  Table  2  (page  531)  show  very  clearly  that,  however 
well  designed  a  simple  pump  of  this  tj^pe  may  be,  its  efficiency 
cannot  be  expected  to  equal  that  of  the  turbine  pump,  in  which, 
as  far  as  conversion  of  energy  is  concerned,  the  efi'ective  number 


*  Confirmed  by  the  tests — see  Fig.  8  (page  534). 
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of  vanes  is  equal  to  the  number  discharging  into  each  of  the  guide- 
passages.  This  disadvantage,  which  is  inherent  to  the  type,  might 
be  minimized  by  the  provision  of  a  series  of  guides  in  the  volute  as 
shown  in  Fig.  9.  If  these  were  of  sheet  metal  bent  to  shape  and 
cast  in  position,  such  a  construction  would  not  add  appreciably  to 
the  cost  of  the  pump,  and  as  the  figures  of  Table  2  show  that  in 
an  eight- vaned  pump  the  provision  of  three  such  guides  (making  four 
in  all)  would  increase  the  possible  conversion  of  energy  by  roughly 
100  per  cent.,  this  method  would  appear  to  merit  consideration, 
especially  for  large  pumps  operating  under  fairly  constant 
conditions. 


Fig.  9. 


Fig.  10. 


Fig.  11. 


Best  Form  of  Section  for  Volute. — The  question  as  to  what  is  the 
best  form  of  section  for  the  volute  is  of  importance. 

The  various  filaments,  after  entering  the  volute,  trace  out  a 
mean  path  approximately  parallel  to  its  outer  boundary,  so  that 
the  net  deflection  of  the  discharging  streams  and  therefore  0  will 
be  least  when  the  rate  of  increase  in  diameter  of  tlie  volute  is  a 
maximum,  that  is,  when  the  chamber  has  parallel  sides  of  the  same 
width  as  the  impeller.  Such  a  chamber  would  have  the  advantage 
that  its  interior  surface  could  readily  be  machined  or  smoothly 
finished  off'  to  reduce  friction,  while  it  would  be  a  simple  matter 
to  modify  patterns  to  suit  th(}  varying  requirements  of  different 
pumps.  Furthermore,  the  addition  of  guide-vanes  would  become  ji 
comparatively  simi)le  matter.     On  the  other  hand,  with  small  pumps 
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a  chamber  of  this  form  would  have  a  comparatively  small  hydraulic 
mean  depth,  and  its  friction  losses  would  on  this  account  tend  to 
be  somewhat  high. 

Failing  this,  the  experiments  on  diverging  passages,  to  which 
reference  has  been  made,  indicate  that  the  form  of  section  shown  in 
Fig.  10,  with  straight  sides  inclined  outwards  at  about  22J°  (total 
included  angle  45°),  should  give  good  results  in  the  conversion  of 
kinetic  into  pressure  energy  in  the  average  pump.  This  form  of 
section  enables  the  outflowing  streams  to  diverge  at  about  the  best 
angle  when  moving  with  their  highest  velocity,  and  has  the  further 
advantage  that  the  interior  surfaces  can  be  smoothly  finished  oS 
with  little  difficulty. 

Whatever  section  is  used,  it  will  be  found  that  with  the  best 
areas  the  velocity  in  the  volute  is  usually  from  three  to  four  times 
that  permissible  for  flow  through  the  discharge-pipes,  and  in  order 
to  enable  as  much  of  the  kinetic  energy  of  this  flow  to  be  utilized  as 
possible,  connection  between  the  volute  chamber  and  the  discharge- 
pipe  should  be  made  by  a  taper  pipe  having  walls  diverging  at 
about  6°,  Fig.  5  (page  529). 

Design  of  Guide-Passages  for  Tiirhine-Pumps. — In  a  turbine- 
pump,  Fig.  11,  the  portion  of  each  guide-passage  from  a  to  6 
is  to  all  intents  a  portion  of  a  volute,  and  the  losses  between 
these  points  will  be  the  same  as  in  the  same  portion  of  an  ordinary 
volute.  For  minimum  loss  the  area  at  any  point  must  therefore  be 
calculated  as  already  described.  The  possibilities  as  regards  the 
conversion  of  Kinetic  to  Pressure  Energy  in  a  rectangular  passage 
with  one  pair  of  divergent  walls  are,  however,  somewhat  less  than 
in   a   corresponding   circular    pipe,    and    with    the   best    angle   of 

divergence  the  loss  is  about  0  •  20     ^  2a  ^     instead  of  O'lS-  ^  ^n 
as  in  the  latter  case.*     Taking  this  into  account,  the  value  of  m  in 
formula  (7)  (page  526)  for  best  results  is  given  by 
m  =  1-10  +  0-20^2 -f  0-0265  ?i(9, 
where  n  and  6  have  the  same  meanings  as  before. 

*  Trans.,  Royal  Society  of  Edinburgh,  1911,  Vol.  xlviii,  Part  1,  page  104. 
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Under  these  circumstances  Table  7  shows  what  proportion 
of  the  Kinetic  Energy  of  discharge  may  be  converted  into  Pressure 
Energy  with  the  best  form  of  guide-passages. 


TABLE  7. 


e 

5° 

7^ 
10° 
15° 

Number  of  Impeller- Vaues  to  each  Guide-Vane. 

1 

2 

0-74 
0-72 
0-70 
0-G6 

3 

4 

6 

8 

0-86 
0-83 
0-81 
0-77 

0-63 
0-61 
0-60 
0-56 

0-54 
0-53 
0-52 
0-49 

0-43 
0-42 
0-41 
0-38 

0-36 
0-35 
0-34 
0-32 

From  this  Table  it  appears  that  if  0  is,  say,  7J°,  the  possible 
conversion  of  energy  in  the  guide-passages  is  83  per  cent,  if  the 
numbers  of  guide-  and  impeller-vanes  are  equal,  while  with  twice  as 
many  impeller-  as  guide- vanes  the  proportion  falls  to  72  per  cent., 
and  with  three  times  as  many,  to  61  per  cent.  As,  with  an  eight- 
vaned  simple  pump,  the  proportion  is  under  40  per  cent.,  when 
both  pumps  are  well  designed  and  working  under  equally  favourable 
conditions  the  turbine-pump  should  utilize  double  the  kinetic 
energy  of  discharge,  and  as  this  amounts  to  some  40  per  cent,  of 
the  total  energy  of  discharge,  the  efficiency  of  the  turbine-pump 
should  be  some  15  per  cent,  greater  than  that  of  the  simple  pump 
with  no  guide-vanes.  As  the  latter  type  of  pump  gives  efficiencies 
u[)  to  75  per  cent,  there  would  appear  to  be  no  reason  why  the 
turljine-pump,  even  when  every  allowance  is  made  for  additional 
losses  in  c(jrin(!cting  passages,  slioiild  not  readily  attain  efficiencies 
exceeding  85  per  cent.  Some  pumps  do,  it  is  tru(^,  achieve 
efficiencies  approximating  this,  but  the  great  majority  are  only 
sliglitly  more  efficient  than  the  best  of  the  simple  pumps. 

An  examination  of  a  numljor  of  modern  liigli-lift  turlune-pumps 
indicates   that  this  is  partly  due  to  the  l);i.(l   design  of  the  volute 
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portion  of  the  guide-passages  and  partly  to  tlie  fact  that  an 
insufficient  number  of  guide-vanes  is  provided.  The  following  are 
typical  examples  of  triple  or  quadruple  pumps  lifting  against  heads 
of  between  75  and  85  feet  in  each  chamber : — 


TABLE  8. 


Pump. 

Impeller.       No.  of  Vanes  in 

Area  of  Guide-Passages  at 
(6),  Fig.  11  (page  538). 

Maxi- 
mum 
Effici- 
ency. 

Dia- 
meter. 

Breadth.    ^^-      ^V^^^" 
peller.    King. 

1 

Measured. 

Calculated  for 
Best  Results. 

a 
b 
c 

ins. 
15 

26 

23 

ins. 
1-5 

2-0 

2-0 

6 
6 
9 

5 
5 
4 

2-60 

7-0 

8-0 

2-66 
6-00 
5-04 

80 
75 
70 

Of  these  a  is  by  a  Continental  maker  whose  pumps  are 
deservedly  famous  for  high  working  efficiency.  In  this  case  the 
passages  are  of  good  section  but  slightly  small,  while  the  number 
of  impeUer-vanes  is  low  and  that  of  guide-vanes  approximates  to 
that  of  impeller- vanes.  Pump  b  ha^  the  same  number  of  vanes  but 
the  areas  of  the  passages  are  consistently  too  great,  while  in  c  not 
only  is  the  number  of  guide-vanes  smaller  but  that  of  impeller 
vanes  is  higher,  while  the  areas  are  much  too  great.  Tests  by  the 
author  of  a  pump  similar  to,  but  slightly  smaller  than,  c  gave  a 
maximum  efficiency  of  only  67  per  cent. 

The  investigation  indicates  that  the  possibilities  of  improvement 
of  the  average  turbine-pump  are  as  great  as  are  those  of  the  simple 
pump.  In  such  a  pump  the  area  of  the  passage  from  a  to  h,  Fig.  1 1 , 
should  be  calculated  as  already  described.  From  ?>  to  c  in  the 
expanding  portion  of  the  passage  the  sides  should  diverge  at  an 
angle  of  12^,  since  this  is  the  angle  which  gives  minimum  loss  of 
energy  in  such  a  passage  of  rectangular  section. 

The  Paper  is  illustrated  by  11  Figs,  in  the  letterpress. 
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Discussion. 

Mr.  A.  Marshall  Attack  wrote  that  the  Paper  gave  a  theory 
which,  while  undoubtedly  sound  from  the  point  of  view  of 
impinging  streams,  and  while  to  a  limited  extent  applicable  to  the 
volute  chambers  of  centrifugal  pumps,  did  not  appear  to  him  to  be 
based  on  quite  the  right  theory.  The  author  had  treated  the 
subject  from  the  point  of  view  of  a  high-velocity  stream  impinging 
on  a  lower-velocity  stream,  which  was  a  very  undesirable  condition 


Fig.  13. 


Fig.  12. 


in  a  centrifugal  pump.  The  velocity  of  the  lower- velocity  stream 
was  calculated  from  the  cross-sectional  area  of  the  volute  at  the 
point  under  consideration,  which  only  gave  a  mean,  and  would  only 
apply  to  a  volute  designed  as  Fig.  12.  This  typo  of  volute  had 
found  most  favour  for  dock  pumping  and  irrigation,  and  cases 
whore  the  head  was  small ;  but  as  centrifugal  practice  favoured  the 
form  shown  in  Fig.  l.'J  tin;  writer's  remarks  would  be  limited  to 
this,  whicli  he  ))elieved  was  the  type  considered  in  tlie  l*ap(n-. 
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That  the  velocity  was  not  constant  across  the  whole  cross- 
section  of  volute,  was,  he  thought,  certain,  but  varied,  from  water 
at  about  the  same  velocity  as  that  issuing  from  the  impeller,  in  that 
part  of  the  volute  immediately  surrounding  the  impeller,  to  water 
at  a  much  lower  velocit}^  at  that  part  of  the  volute  more  remote 
from  the  impeller.  This  then  suggested  that  the  problem  was 
more  one  of  having  got  a  stream  at  a  high  velocity  to  diffuse  it 
down  to  some  lower  velocity  with  a  minimum  of  loss  by  shock. 
The  water  issued  from  the  impeller  at  a  definite  angle  to  a  tangent 
to  the  impeller  periphery,  usually  between  5°  to  1 2°,  as  found  from  a 
calculated  velocity  diagram,  and  could  usually  be  taken  as  joining 
the  main  body  of  water  at  that  angle,  but,  at  a  much  lower  velocity, 
a  velocity  the  same  as  that  of  the  main  body  of  water,  or  nearly  so. 
It  would  thus  be  seen  that  the  volute  was  divided  up  into  two 
portions,    the    diffusion   part    A    and    the    volute   proper    B    for 

Fig.  14. 


vz-i 


conveying  the  water  to  the  discharge.  Fig.  13,  and  it  was  upon  the 
correct  proportioning  of  these  that  the  efficiency  of  the  volute 
depended. 

The  author  took  as  the  efficiency  of  the  volute  the  proportion  of 

V.,'  —  Vd- 


the   velocity   head 


20- 


converted   in    the    volute,  and,  from 


calculations,  concluded  that  the  efficiency  of  a  pump  fitted  with  a 
volute  could  never  be  equal  to  that  of  a  guide-vane  pump.  The 
writer  did  not  quite  agree  with  this,  because  of  the  difficulty  of 
determining  accurately  what  the  velocity  v^  was.  In  the  case  of 
guide-vanes,  the  stream  of  water  followed  a  predetermined  path 
to  suit  the  normal  discharge,  and  was  compelled  by  the  walls  of  the 
channel  to  diverge  at  an  angle  which  was  found  to  give  the 
maximum  conversion  ;  hence  it  was  possible  to  calculate  the  velocity 
v^  accurately.  These  conditions  were  absent  in  the  case  of  a  volute, 
for  here  the  water  was  not  guided  to  the  same  e^ctent  as  before, 
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but  was  free  to  take  the  path  of  least  resistance ;  and,  due  to  the 
effect  of  the  water  in  the  volute,  the  velocity  v.^  was  less  than  was 
apparent  from  the  theoretical  velocity  diagram,  that  is,  it  had  a 
higher  backward  velocity.  Fig.  14  showed  the  effect  of  this,  for  by 
reducing  the  velocity  v^  resulted  in  an  efficiency  of  conversion  in 
the  case  of  the  volute  equal  to  that  of  guide- vanes. 

There  was  undoubtedly  a  tendency  to  form  circulatory  currents 
at  the  back  of  impeller-vanes  at  outlet,  where  insufficient  vanes 
were  used,  due  to  the  jets  not  being  sufficiently  supported,  thus 
allowing  cavitation.  This  eff'ect  was  more  pronounced  in  impellers 
working  on  high  heads,  where  it  was  important  to  have  a  sufficient 
number  of  vanes,  whereas  with  low-lift  impellers  fewer  vanes 
would  be  found  to  give  the  better  result.  Considering  impellers 
having  from  six  to  twelve  vanes,  the  writer  had  not  found  from 
practice  that  the  larger  number  of  vanes  had  such  a  deteriorating 

effect  upon  the  efficiency  of  the  volute,  over  50  per  cent,  of  g^   being 

converted  in  comparatively  small  pumps.  It  would  be  interesting 
to  know  the  basis  of  Table  2  (page  531),  which  had  presumably  been 
calculated  from  the  theory  of  the  Paper,  and  not  based  upon 
experimental  data  directly  applicable  to  centrifugal  pumps. 

Mr.  C.  P.  Mair  wrote  that  the  author  pointed  out,  in  the 
opening  paragraphs  of  the  Paper,  the  advantages  of  the  simpler 
form  of  centrifugal  pump  without  guide-blades,  and  these  could  not 
bo  disputed,  provided  equally  good  efficiencies  could  be  obtained 
as  from  guide-blade  pumps.  The  writer  liad  seen  a  number  of 
comparative  tests  made  between  the  two  types  of  pumps,  and 
agreed  witli  the  author  on  this  point,  provided  that  a  correct 
design  of  the  volute  was  made,  as  the  success  of  the  pump 
depended  principally  on  this  point.  Centrifugal  pumps  seemed 
simple  when  looked  at,  but  unfortunately  tliere  were  so  many 
variables  to  bo  taken  into  account  when  carrying  out  t(\sts  that 
tlie  author  was  to  1)0  congratulated  in  liis  endeavour  to  sliow  how 
some  of  these  could  b(;  (iliminated  and  only  the  particular  points 
under  consideration  dealt  with. 
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The  author  on  page  526  took  the  ratio  of  the  speed  of  water  in 
the  volute  {i\)  to  the  final  speed  through  the  pump  branches  {l\i)  as 
a  constant ;  but  this  was  hardly  correct,  for  the  best  value  for  v-^^  in 
practice  was  approximately  equal  to  O'SV^i/H  for  maximum 
efficiency,  and  where  H  was  the  head  against  which  the  pump 
delivered;  i\i  was  generally  between  the  limits  8  and  10  feet  per 
second,  the  smaller  value  for  low  heads,  and  the  larger  for  greater 
heads.  Thus  the  ratio  on  a  10-foot  head  became  1*0,  and  on  a 
100-foot  head  2*4,  as  against  the  author's  constant  figure  of  3*85. 
If  L\i  was  taken  as  the  velocity  of  flow  in  the  delivery  pipe  instead 
of  through  the  pump  branch,  and  in  the  majority  of  cases  the 
pump  branch  and  pipe  line  were  of  dijfferent  diameters,  especially 
where  a  long  length  of  main  was  used,  then  the  above  constants 
were  increased  owing  to  slower  velocities,  and  could  attain  the 
author's  value ;  but  such  variation  was  of  course  due  to  causes 
extraneous  to  the  pump  and  should  not  be  taken  into  consideration. 
Thus  the  general  formula  on  page  526,  and  on  which  all  the  author's 
future  calculations  were  based,  required  modification. 

Curves  and  Tables  of  experimental  results  were  given  on 
pages  534-5,  showing  the  efiect  of  difierent  velocity  ratios  in 
difierent  parts  of  the  volute,  and  it  would  be  noticed  that  a  better 
efficiency  was  obtained  by  blocking  up  the  sides  of  the  volute  rather 
than  the  top ;  the  author  attributed  this  to  using  the  calculated 
velocity  ratios.  It  was  a  pity  he  did  not  give  the  results  obtained 
by  using  the  same  velocity  ratios  and  both  methods  of  blocking  up. 
A  difference  would  probably  have  been  found,  for  obviously  one 
form  of  volute  was  of  better  shape  than  the  other. 

Mr.  Owen  A.  Price  wrote  that  Professor  Gibson  had  supplied 
pump  designers  with  a  novel  and  suggestive  treatment  of  the 
volute  and  guide-passage  problem.  Practical  experience  had 
taught  that  certain  relationships,  within  limits,  w^ere  advisable 
between  the  peripheral  area  of  the  impeller  and  the  area  of  the 
volute  or  guide-passage,  and  also,  that  other  relationships  would 
give  poor  results.  The  author  suggested  a  key  to  the  connection 
between  these  areas,  and  at  the  same  time  proposed  a  method  of 
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determining  the  best  areas  throughout  the  whole  length  of  a  volute 
or  guide-passage.  He  had  carried  out  experiments  on  some 
confined  streams,  and  in  the  Paper  proceeded  to  apply  his  results 
to  the  design  of  centrifugal  pumps.  There  was  no  disputing 
experimental  results,  but  their  application  to  conditions  other 
than  those  under  which  the  experiments  were  carried  out  was 
always  a  debatable  matter. 

The  writer  did  not  think  it  was  sufficiently  emphasized  that  the 
whole  of  the  author's  treatment  rested  on  two  assumptions,  and 
the  usefulness  of  the  treatment  depended  upon  how  nearly  these 
assumptions  approximated  to  reality.  One  of  these  assumptions 
was  stated  quite  clearly  on  page  524  (middle  paragraph) ;  the  other 
one  was,  that  the  water  left  the  impeller  and  entered  the  volute 
in  separate  streams,  corresponding  in  number  to  the  number  of 
impeller  vanes.  Curiously  enough,  the  author  seemed  to  take  this 
latter  assumption  as  granted.  At  the  risk  of  sometimes  labouring 
the  obvious,  the  writer  would  venture  a  very  modest  examination 
of  these  two  assumptions,  first  of  all  by  tracing  a  comparison  of  the 
author's  experiments  with  the  conditions  in  a  centrifugal  pump — 
the  Dundee  experimental  pump  in  particular — and  then  by  examining 
the  phenomena  at  the  impeller  circumference  from  another  point  of 
view.  His  object  was  constructive,  rather  than  destructive ;  more 
information  was  wanted  on  centrifugal  pumps,  and  Professor  Gibson, 
as  one  of  the  leading  writers  and  experimenters  on  hydraulic  subjects, 
was  well  able  to  supply  this  need. 
In  the  experimental  jets : — 

(1)  The  flow  was  a  straight-line  flow,  the  jet  being  practically 

a  group  of  identical  elementary  filaments  of  fluid. 

(2)  The  impinging  stream  was  always  the  same  depth  as  the 

primary  stream.* 

(3)  The  final  combined    stream  was   always    travelling   faster 

than  the  primary  stream. 


*  This  condition  was  not  quite  clear  from  the  illustrations  in  the  author's 
Edinburgh  Paper,  l>ut  from  the  dimensions  of  the  jets  he  judged  that  ut 
impact  the  full  depth  of  tiic  impinging  stream  struck  the  full  depth  of  the 
primary  stream. 
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In  the  centrifugal  pump : — 

(la)  The  flow  was  a  curvilinear  flow,  with  consequent  distortion 
and  variation  in  the  elementary  filaments  of  fluid. 

(2a)  In  volute  pumps,  such  as  the  author's  pump,  the  impinging 
stream  was  of  narrower  depth  than  the  primary  or  volute 
stream.  With  guide- vane  pumps,  of  course,  the  streams 
were  generally  of  practically  equal  depth. 

(3a)  The  final  combined  stream,  in  pumps  designed  on  the  old 
lines,  was  usually  travelling  at  the  same  speed  as  the 
primary  stream,  while  in  many  modern  pumps,  in 
Professor  Gibson's  pump,  and  in  all  the  example 
volutes  calculated  by  him,  the  final  stream,  progressively 
considered  throughout  its  length,  was  actually  travelling 
more  slowly  than  the  primary  stream. 

Considering  (1)  and  (la),  it  might  be  remembered  that  the 
fundamental  diflference  between  straight-line  and  curvilinear  flow 
was  that,  in  the  latter  case,  there  were  higher  velocities  at  the 
extreme  radius  and  higher  pressures  at  the  nearer  radius,  this 
condition  usually  producing  complicated  cross  currents  and  swirls, 
whilst  with  the  former  flow  there  were  more  nearly  uniform 
conditions  of  pressure  and  velocity  across  the  stream.  In  the 
curvilinear  flow  from  a  centrifugal  pump-impeller  (see  Fig.  15,  page 
548)  the  distribution  of  velocity  and  pressure  across  each  absolute 
stream  would  be  intensified  by  the  fact,  that  the  driving  vane 
acted  by  virtue  of  its  velocity,  and  acted  most  forcibly  at  the  side 
of  the  stream  necessarily  travelling  at  the  higher  velocity,  that  is, 
at  the  extreme  radius  of  the  curved  stream.  Unequal  centrifugal 
forces  produced  further  complications  and  cross-currents  in  the 
stream. 

Considering  (2)  and  (2a)  for  volute  pumps,  a  different  stream- 
line formation  was  possible  under  the  two  conditions,  and  an 
additional  complication  was  introduced  by  the  quick  expansion 
of  the  impinging  stream  as  it  met  the  primary. 

Considering  (3)  and  (3a),  in  Professor  Gibson's  and  other 
volutes  the   primary  stream  was  slowing   down  in  its  course  and 
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some  of  its  kinetic  energy  was  being  converted  to  pressure.  This 
change  was  taking  place  at  the  same  time  as  energy  was  being 
added  by  the  cumulative  effect  of  the  impinging  stream.  Hence, 
in  considering  an  experimental  result,  all  the  pressure  gain  in  the 
volute  must  not  be  attributed  to  the  action  between  the  tw^o 
streams. 

The  writer  had  a  special  reason  for  making  this  last  statement ; 
it  was  not  such  a  simple  matter  as  might  be  supposed,  to  decide, 
from  an  ordinary  pump-test,  what  was  the  amount  of  "  the  rise  in 


Fig.  15.— Sketch  of  Absolute  Path  of  Water 

through  Impeller  of  Dundee 

Exjjerimcntal  Pump. 


Fig.  16. — Sections  at  Radius  Lines 
A,  B,  c,  D  on  Fig.  5  {jjcige  529). 
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tlie  volute."  On  page  537,  tliird  j)aragr;q)h,  the  author  said  : — 
*'  In  {(')  the  rise  in  the  ideal  volute  would  be  approximately 
14  feet  as  against  9  feet  in  the  actual  cliamber."  Apparently, 
no  special  arrangements  were  made  to  measure  the  hydraulic 
gradient  througliout  the  volute,  and  from  wliat  he  (Mr.  Price) 
knew  of  lliis  pump's  lK;liavi(Hir,  lie  saw  no  alternative  but  that 
the  author  had  assumed  (as  others,  to  the  writer's  knowledge, 
had  assumed)  that  the  volute  rise  was  represented  by  the  rise 
in  head  of  the  h(;ad-(piantity  curve;  (at  constant  speed)  above  the 
head  corresponding  to  zero  quantity.     The  writer  designed  and  ran 
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Professor  Gibson's  pump  before  it  was  sent  to  Dundee,  and  the  rise 
in  the  head-quantity  curve  at  1,250  revolutions   per  minute  was 

9  feet ;  this  agreed  with  Professor  Gibson's  figure,  and  he  saw  no  other 
way  that  the  author  could  have  arrived  at  his  9  feet.  It  was  not 
true  that  this  rise  represented  the  pressure  gain  beyond  the  impeller ; 
unfortunately  pump  characteristics  were  not  so  simple.  The  head 
at  zero  quantity  represented  the  centrifugal  pressure  of  the  whole 
vortex  within  the  pump,  modified  by  the  distance  away  of  the 
pressure-gauge,  plus  some  slight  pressure  due  to  shock  of  the  inlet 
edge  of  the  rotating  vane.  As  soon  as  flow  began,  the  centrifugal 
pressure  began  to  fall ;  the  shock  due  to  the  inlet  edge  of  the 
impeller  vanes,  at  first  reduced,  frictional  losses  through  the  pump 
commenced,  pressure  changes  set  in  due  to  probable  inequality  of 
the  relative  velocity  through  the  impeller  passages,  and,  one  might 
judge  from  Professor  Gibson's  experiments  that  the  pressure  rise 
beyond  the  impeller  began  to  vary,  owing  to  the  gradual  increase 
in  velocity  of  the  primary  stream  and  gradual  reduction  in  velocity 
of  the  impinging  stream,  and  to  the  increasing  angle  of  impact. 
By  the  time  the  vertex  of  the  head-quantity  curve  was  reached, 
the  centrifugal  head  might  have  fallen,  say,  5  per  cent. ;  a 
friction  loss  of  5  per  cent,  might  have  set  in,  while  a  rise  of, 
say,  7  per  cent,  might  have  set  in,  due  to  a  slowing  down  of  the 
relative  velocity  through   the   impeller.      If   now   the  vertex   was 

10  per  cent,  above  the  zero-quantity  head,  then  the  rise  beyond 
the  impeller  was  10-f5-f5  —  7  =  13  per  cent,  instead  of 
10  per  cent.  Normal  output  rarely  occurred  at  the  vertex,  hence 
all  the  energy  changes  would  generally  have  different  values  at 
normal  output.  Provided  all  dimensions  and  channel  variations 
were  known,  the  rise  and  shape  of  the  head-quantity  curve  was  a 
very  valuable  indication  of  the  success  of  the  design,  but  it  was 
almost  a  practical  impossibility  to  say  just  how  much  of  this  rise 
was  contributed  by  each  factor  concerned. 

Returning  to  the  examination  of  the  author's  first  assumption, 
one  reaKzed  that  there  were  disparities  between  the  experimental  jet 
conditions  and  the  conditions  existing  in  a  centrifugal  pump.  The 
influence  of  these  disparities  was  uncertain,  and  could  only  be 
determined   by   experiment ;    the    hydraulic    gradient    round   the 
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volute  might  easily  and  usefully  have  been  measured,  but  the 
determination  of  the  condition  of  the  absolute  curved  stream  was 
a  more  difficult  and  elusive  problem.  Experiments  had  been  made  * 
on  the  hydraulic  gradient  in  one  form  of  spiral  casing,  and  the 
results  showed  a  fairly  consistent  pressure  rise  from  the  small  end 
to  the  larsre  end  of  the  volute.  As  the  usual  mathematical 
treatment  led  one  to  expect  a  constant  pressure  in  the  volute, 
one  recognized  that  Professor  Gibson's  deductions  from  his  jet 
experiments  supplied  an  explanation  of  this  pressure  rise. 

Coming  to  the  second  assumption,  concerning  the  physical 
condition  at  the  impeller  periphery.  Accepted  theories  of  the 
centrifugal  pump  assumed  that  the  water  left  the  periphery  of  an 
impeller  in  an  infinite  number  of  identical  filaments,  each  possessing 
the  same  velocity,  direction  (relative  to  the  centre,  of  course),  and 
quantity  of  energy.  This  state  of  things  had  no  relation  to  reality, 
and  was  equivalent  to  supposing  an  infinite  number  of  impeller 
vanes,  each  of  inappreciable  thickness.  In  practice,  the  disparity 
between  the  ideal  conditions  and  the  real  phenomena  was  corrected 
by  the  introduction  of  some  kind  of  coefficient.  Under  the 
supposition  of  an  infinite  number  of  identical  filaments,  one  had  at 
the  impeller  outlet  a  homogeneous  annular  spiral  jet.  Professor 
Gibson's  ^  became  unity  or  infinity,  according  as  the  entire  jet 

or  an  elementary  filament  was  considered,  and  his  method  was 
incapable  of  any  application.  The  author  did  not  countenance  this 
supposition,  for  on  page  533  (last  paragraph),  he  said  :  "  Experiments 
show  that  a  dead-water  space  which  is  not  utilized  for  discharge  is 
formed  on  the  rear  side  of  each  vane."  Tliis  "  dead-water  "  theory 
had  always  seemed  to  the  writer  too  extravagant ;  tlie  whole 
of  the  argument  for  it  was  based  on  some  photographs  by  Mr. 
James  A.  Smith,  publisluMl  in  the  Proceedings  of  the  Victorian 
Institute  of  Engincujrs  1902,  and  later  in  the  Proceedings  •[•  of 
tliis  Institution.  T\\v-  conditions  undcir  wliich  the  photographs 
were;  taken  were  unique,  and  were  decidtuUy  not  the  conditions 
existing    in    a    centrifugal    pump.     Two    glass    disks,    G    inches    in 


•  Bulletin,  University  of  Wisconsin,  1909,  No.  318. 
t  Proceedings,  I.Mcch.E.,  1903,  Part  4,  page  7G1, 
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diameter,  separated  by  cardboard  vanes,  were  revolved,  water  being 
supplied  at  the  centre  of  the  disks.  The  circumferential  outlet 
area  was  3^  times  the  inlet  area — an  impracticable  amount ;  no 
experienced  designer  would  have  expected  water  to  follow  those 
vanes.  Discharge  was  free  into  the  atmosphere,  thus  disjointed 
tangential  streams  resulted  from  each  vane-tip  instead  of  the 
continuous  spiral  flow  occurring  in  a  closed  casing.  On  account  of 
the  break  of  continuity  at  the  periphery,  air  found  its  way  down 
the  rear  side  of  each  vane.  On  the  evidence  of  these  photographs, 
it  had  been  argued  that  only  the  portion  of  the  discharge  area 
adjacent  to  the  front  side  of  each  vane  was  effective  in  discharging 
water,  and  that  the  remainder  of  the  area  was  occupied  by  "  dead- 
water."  Mr.  C.  B.  Stewart,  in  the  Bulletin  mentioned  by  Professor 
Gibson  (page  533),  endorsed  these  views,  and  as  it  might  be  argued 
that  his  results  confirmed  Mr.  Smith's  photographic  results,  it  was 
necessary  to  consider  what  was  Mr.  Stewart's  object.  Mr.  Stewart 
found  that  the  theoretical  power  input  to  his  impeller  was 
greater  than  the  actual  measured  power  input  to  the  same  ;  he 
accounted  for  this  by  the  "  dead-water  "  theory  already  mentioned. 
The  disparity  might  have  been  accounted  for  equally  well  by 
allowing,  across  the  space  from  the  front  of  one  vane  to  the  rear 
of  the  preceding  one,  a  decreasing  amount  of  energy  transmitted 
to  the  water. 

There  were  two  ways  of  considering  the  flow  through  a 
centrifugal-pump  impeller ;  one  was  to  consider  the  flow  relative  to 
the  impeller  itself,  the  other  way  was  to  consider  the  absolute  path. 
The  total  change  in  absolute  direction  and  velocity  was  a  measure 
of  the  energy  transmitted  to  the  water.  The  "  dead-water  "  theory 
was  derived  from  a  consideration  of  the  flow  relative  to  the  impeller 
only.  The  writer  would  show  what  it  meant  when  the  absolute 
velocity  and  direction  were  considered.  Fig.  15  (page  548)  showed 
the  absolute  path  of  a  stream  from  between  two  vanes  (assuming  the 
water  filled  the  space)  in  Professor  Gibson's  Dundee  pump.  If  the 
"  dead-water  "  theory  were  accepted,  it  must  be  allowed  that,  for 
the  conditions  given  on  page  534,  the  water  at  A  was  travelling  at 
60  feet  per  second,  while  at  B  it  was  not  travelling  at  all.  The 
section  of  this  jet,  at  the  periphery,  was  J  inch  deep  by  about  1  inch 
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wide,  and  it  was  quite  impossible  that  a  stream  1  inch  wide  could  be 
stationary  at  one  side  and  travelling  so  fast  at  the  other.  Again, 
if  we  considered  the  absolute  streams  immediately  after  they  had 
left  the  impeller,  it  was  difficult  to  imagine  "  dead-water  "  between 
unseparated  curved  streams,  the  fastest  edges  of  which  were  1  inch 
apart  and  were  travelling  at  60  feet  per  second.  To  form  an  idea 
of  the  rigidity  and  energy  of  each  one  of  these  ten  absolute  streams, 
the  writer  calculated  that,  though  they  were  but  1  inch  wide  by 
J  inch  deep,  they  represented  about  1*4  water  h.p.  each.  Mentally 
picturing  these  streams,  one  could  not  allow  the  supposed  "  dead- 
water"  to  be  anything  more  than  a  surface  of  minute  eddies, 
amounting  to  little  more  than  the  frosted  appearance  of  a  high- 
velocity  jet  emerging  from  a  nozzle.  Almost  immediately  after 
leaving  the  impeller,  the  several  streams  must  merge  into  each 
other,  by  reason  of  the  slight  inequalities  of  the  pressures  and 
velocities  of  the  adjacent  surfaces.  That  there  were  gradations  of 
pressure  and  velocity  across  the  absolute  streams  leaving  the 
impeller  could  not  be  denied ;  support  of  this  might  be  found  in 
the  fact  that  the  pressure  produced  by  a  centrifugal  pump  differed 
in  nature  from  that  produced  by  a  piston-pump.  One  was  a 
vibratory  pressure  as  if  produced  by  the  sum  of  many  pulsations  of 
pressure,  while  the  other  was  a  dead  pressure  generated  by  a  direct 
push.  As  evidence  of  this  difference,  it  was  said  that  a  jet — say,  a 
fire-nozzle  jet — supplied  by  a  centrifugal  pump  would  not  remain 
solid  to  quite  the  same  height  as  a  jet  supplied  at  exactly  the  same 
pressure  by  a  piston-pump,  and  the  explanation  given  was  that  the 
vibratory  nature  of  the  centrifugal-pump  pressure  tended  to  break 
the  jet  a  trifle  sooner. 

Turning  for  a  moment  to  current  practice.  Some  makers 
pointed  their  vanes  and  allowed  a  short  diffusion  space  between  tlie 
imp(!ller-tip  and  tlic  guide-vane  tip,  or  between  the  impeller  tip  mid 
the  body  of  the  volute  area;  others  allowed  tlio  diffusion  space,  but 
did  not  go  to  the  expense  of  pointing  their  vanes.  Tlie  several  jets 
must  associate  in  tin's  diffusion  space,  even  tliougli  it  were  quite 
restricted ;  and  und(;r  these  conditions  one  could  not  assume  an 
impinging  stream  from  each  impeller  vane.     Again,  the  volute  of 
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Professor  Gibson's  pump,  Fig.  7  (page  534),  was  considered  by  the 
makers  to  be  pear-shaped,  and  to  combine  a  diffusion  space  with 
the  vohite  ;  the  commercial  advantage  of  which  was  that  material 
was  economized,  and  a  small  diameter  casing  was  the  result. 
Fig.  16  (page  548)  showed  a  scale  drawing  with  the  designed  areas 
of  the  sections  at  A,  B,  C,  and  D.  In  such  a  volute  it  was  impossible 
to  say  where  the  impinging  water  really  met  the  volute  water,  and 
certainly  the  various  absolute  streams  must  be  very  much  equalized 
before  meeting  the  primary  stream.  Under  these  conditions  also, 
one  could  hardly  assume  an  impinging  stream  from  each  vane. 

From  all  the  foregoing  considerations,  he  thought  that  the  idea 
of  gradations  of  pressure  and  velocity  from  vane  to  vane  provided 
a  much  more  satisfactory  notion  of  the  physical  conditions  at  the 
impeller  outlet  than  was  supplied  by  the  idea  of  individual  jets 
separated  by  "  dead-water."  The  fact,  that  in  turbine  -  pump 
practice  a  great  improvement  was  obtained  by  allowing  a  fair 
radial  clearance  between  the  impeller  and  guide-vane  tips,  seemed 
to  point  to  the  fact  that  a  condition  approaching  to  separate  jets 
was  undesirable,  and  that  designers  should  deliberately  attempt  to 
avoid  conditions  conducive  to  the  formation  of  separated  streams. 
For  these  reasons,  he  thought  Professor  Gibson  was  hardly  justified 
in  the  two  assumptions  with  which  he  set  out.  The  effect  of  the 
second  one  in  particular,  he  thought,  would  exaggerate  the  influence 
of  the  number  of  vanes ;  for  instance,  by  Professor  Gibson's  method, 
the  best  volute  for  an  impeller  with  twelve  vanes  was  nearly  twice 
the  area  of  the  volute  for  an  impeller  with  four  vanes.  (See  curve 
of  Fig.  3,  page  527.)  No  experiments,  however,  were  made  in  which 
the  number  of  vanes  was  varied.  If  the  author  could  modify  his 
treatment  so  that  an  annular  impinging  jet  could  be  considered, 
and  corrections  made  for  the  condition  of  the  jet  according  to  the 
number  of  vanes,  he  thought  he  would  be  working  on  a  sounder 
base.  To  do  this,  of  course,  the  state  of  the  absolute  streams  must 
be  known,  and  that  required  experimental  investigation.  Although 
he  could  not  accept  the  whole  of  the  author's  conclusions,  he  had 
known  for  some  time  that  the  impact  of  the  rotary  impinging  stream, 
considered  as  a  whole,  had  a  cumulative  effect  in  adding  pressure 
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increments  to  the  volute  water  throughout  the  length  from  origin 
to  big  end  of  the  volute. 

In  support  of  his  treatment,  Professor  Gibson  adduced  figures 
taken  from  various  pumps.  He  might  have  been  fortunate  or 
unfortunate  in  the  data  he  was  able  to  obtain,  but  his  actual 
investigations  really  only  traversed  a  small  part  of  the  ground 
covered  by  his  more  ambitious  Paper.  One  might  easily  be  led 
astray  in  comparing  different  pumps.  Personally,  he  had  calculated 
Professor  Gibson's  "  ideal  volute "  for  comparison  with  sixteen 
pumps  which  he  had  designed  and  tested,  and  he  stated  with 
pleasure  that,  in  the  majority  of  instances,  the  higher  efficiencies 
occurred  when  there  was  a  close  agreement  with  the  "  ideal  volute." 
But  these  results  did  not  provide  convincing  proof  to  the  writer ; 
no  two  pumps  were  generally  alike,  but  differing  only  in  the 
volutes,  and  in  some  cases  he  found  conditions  other  than  the 
volute  proportions  favoured  a  high  efficiency,  while  in  others  the 
volute  agreement  was  good,  but  the  efficiency  low. 

While  making  these  calculations,  a  very  simple  and  reliable  test 
occurred  to  the  writer,  and  one  which  could  be  applied  on  any  one 
pump.  It  was  clear  that,  in  a  constant-speed  test  as  the  quantity 
increased,  the  angle  6  increased,  and  as  6  increased,  the  effective 
area  of  each  discharging  stream  increased,  also,  from  formula  7 
(page  526),  m  increased.  Hence  the  "  ideal  volute  "  increased  with 
the  quantity,  and  if  Professor  Gibson's  method  was  correct,  the 
best-efficiency  duty  of  the  pump  should  occur  at  the  quantity  for 
which  the  "  ideal  volute  "  was  in  closest  agreement  with  the  actual 
volute.  It  was  known,  of  course,  that  the  relation  between  the 
impeller  peripheral  area,  tip  angle  and  volute  area,  determined  the 
best-efficiency  condition,  or,  that  best-efficiency  was  simultaneous 
with  minimum  volute  shock.  Now,  minimum  volute  shock  was  the 
same  thing  as  maximum  pressure  rise  in  volute,  and  this  seemed  a 
much  more  sensitive  and  conclusive  test  of  Professor  Gibson's 
metliod  than  that  of  comparing  different  pumps.  In  Tables  5 
and  G  (page  536)  the  ideal  volute  for  pump  a  was  in  much  closer 
agreement  with  the  actual  sizes  when  the  quantity  was  between 
1,000   and    1,200   gallons    per    minute.      Why  then  did    the    best 
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efficiency  occur  at  700  gallons  ?  He  had  calculated  very  roughly 
the  volutes  for  the  two  quantities  stated,  and  appended  them  in  a 
Table  with  some  other  results  which  illustrated  the  same  point. 
In  each,  case  the  "  ideal  volute "  for  a  larger  6  (that  is,  a  larger 
quantity)  was  in  closer  agreement  with  the  actual  volute.  Why 
then  did  the  highest  efficiency  occur  at  the  smaller  quantity  ?  Or, 
was  the  method  of  obtaining  the  "  ideal  volute "  at  fault  ?  In 
comparing  guide-vane  pumps  he  found  the  same  kind  Of  thing,  but 
here  one  sometimes  found  cases  where  the  best  efficiency  should 
have  occurred  at  smaller  quantities  than  was  actually  the  case. 

In  working  through  the  Paper,  he  had  been  struck  with  the 
beautiful  ingenuity  of  it  all,  and  his  own  position  was  that,  as  a 
basis  for  further  investigation,  the  proposals  seemed  most  promising. 
The  writer  thought  that  a  more  exhaustive  investigation  would  not 
be  so  favourable  to  the  author's  present  conclusions,  but  he  saw  no 
reason  why  modifications  could  not  be  made  to  make  his  method  cover 
a  wider  application.  Meanwhile,  he  feared  that  designers  would 
hesitate  to  adopt  the  author's  methods  until  experimental  confirmation 
of  a  more  exhaustive  and  conclusive  nature  was  available,  either 
through  their  own  enterprise  or  through  the  enterprise  of  Professor 
Gibson  himself. 

Professor  Robert  H.  Smith  wrote  that  Professor  Gibson's 
experiments  upon  the  losses  involved  in  tlie  impact  of  streams  and 
his  analysis  of  these  experiments  were  most  valuable.  It  might 
be  useful  to  note  that  in  1905  Professor  Inokuty,  of  the  Imperial 
Japanese  University,  Tokyo,  published  in  the  Journal  of  the 
Tokyo  Society  of  Mechanicid  Engineers,  an  admirably  accurate  and 
full  mathematical  devclopm(5nt  of  the  design  of  centrifugal  pumps 
with  volute  discharge  chambers.  From  the  mathematical  point 
of  view,  this  investigation  was  tlic^  most  complete  that  the  writer 
had  seen,  in  respect  of  including  all  the  physical  influences  at  work. 
An  ouiliTK!  of  it  appeared  in  Thr  Engineer  of  22nd  September  1905, 
jind  a  pump  mad(3  to  this  design  was  exhibit(Ml  in  London  at  the 
White  City  Exhi})ition  of  1910.  It  was  reported  to  have  yielded 
90    per    cent,    efrici(incy.       J'rofessor     Jnokuty's    tluu)ry,     liowevcr, 
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involved  the  use  of  two  laws  which  were  well  known  to  be  only 
very  rough  approximations  to  physical  truth.  The  first  was 
that  tlie  hydraulic  loss  in  a  flow  of  uniform  section  and  velocity 
equalled  /  -    ~,   with   I   the   length    and    r   the    mean    hydraulic 

radius  of  the  channel.  The  second  was  that  the  loss  due  to 
enlargement  of  channel  section  equalled  (y^  ~  ^i)^  "t-  2</.  All 
serious  experimentation  has  shown  that  neither  of  these  losses 
followed  the  algebraic  formula  with  such  closeness  as  to  make 
the  rule  of  thumb  of  any  practical  value.  In  the  first  of  them 
one  found  in  the  treatises  elaborate  tables  of  values  of  the 
"  constant "  /  for  diflferent  velocities  and  for  different  m.h.  depths  : 
that  is,  /  is  a  function  of  v,  so  that  the  loss  does  not  vary  as  v^, 
and  is  also  a  function  of  r,  so  that  the  loss  does  not  vary  as  1/r. 
Unfortunately,  Professor  Gibson  made  use  of  the  latter  in  his 
investigation  in  an  important  degree. 

Professor  Gibson  did  not  seem  to  have  noticed  that  this  latter 
formula,  which  on   page  525  he  gave  as   loss  =  ^^iJZ^sr^    ^yr^g 

b  V  ' 
inconsistent  with  his  formula  (4)  on  page  522,  which  reduced  to  ~o^- 

when  ^  =  0.  In  this  latter  formula  (4)  he  gave  the  variable  value 
of  his  factor  a  as  proportional  to  0^ '  ^^.     Not  only  did  this  become 

zero  when  ^  =  0,  but  also  ^^  reduced  to  0  when  ^  =  0.  This  latter 
could  hardly  be  intended  ;  and  in  any  case,  would  not  fit  in  with 
the  physical  facts,  so  that  the  formula  could  not  be  regarded  as  a 
rational  one.  One  which  would  give  practically  the  sam.e  results 
except  at  very  small  angles  and  for  angles  well  above  15°  was,  in 
place  of  6^'"^^  with  0  in  degrees, 

70  sin  0  +  230  sin2  6. 

To  compare  the  two,  the  following  figures  might  be  given  :— 
6  5°  10°  15° 

^1-28  7-85  19-055  32-02 

70  sin  ^  +  230  sin- 61      7-848  19-090  33-523 

On  page  526  Professor  Gibson  obtained  a  value  of  m,  said  to  yield 
the  maximum  gain  of  pressure  energy  by  a  tentative  process  of 
variation  of  m,  a,  and  b.     He  did  this   under  the  assumption  that 
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f^  =  3  •  85  i^.     But  the  variation  of  m,  a,  and  h  implicitly  involved 
variation     of     r^,    so    that    his    differentiation    appeared    to    be 
mathematically  faulty.     According  to  his  equation  at  the   top  of 
page  526,  if  the  pressure  energy  gained  were  called  P,  we  had 
2g'P=:{l-h)  V,''-  (0-15  +  a)  V  +  0-3  v^  i\  -  1-15  v^\ 

For  any  specified  values  of  m,  $,  i\  and  i\i,  this  value  of  P 
increased  continuously  with  increase  of  v.2 ;  so  that  as  high  a 
velocity  v.y,  as  practicable  would  yield  the  highest  P.  The  variation 
of  P  with  Va,  other  things  remaining  unchanged,  did  not  need  to 
be  considered,  since  r^  must  be  mainly  determined  otherwise  than 
in  view  of  maximization  of  P  ;  but  it  might  be  worth  noting  that 
variation  of  v^,  with  other  things  independently  fixed,  did  involve  a 
maximum  value  of  P. 

The  most  important  aim  was  to  find  the  value  of  I'j  which 
yielded  maximum  P  when  other  things  such  as  m,  6,  v.^  and  v^l  were 
fixed  by  other  requirements.     By  ordinary  diff'erentiation,  this  value 

of  v^  was  found  to  be 

0-15 

v^  = 


0-15+a  ''<i' 
and  this  value  of  v^  yielded  the  maximum  pressure  energy 

23  P„..  =  (1  -  %./ -    (l-lS-Hf+a)''- 

This  value  of  P,nax  obviously  increased  with  v.^  and  decreased 
as  v,i  was  increased  (this  latter  because  the  factor  of  i\i^  was  always 
positive). 

This  "  best "  value  of  i\  was  very  different  from  that  given  by 
Professor  Gibson ;  but  it  still  could  not  be  looked  upon  as  the 
really  best,  since  it  was  deduced  from  a  formula  in  which  the  loss 
in  changing  velocity  from  i\  to  v^  was  assumed  as  i)roportional 
to  (^1  —  y,/)'-^.  It  was  to  be  noted  that  it  made  v^  less  than  f^,  and 
therefore  involved  a  volute  chamber  of  large  size. 

Mr.  A.  L.  WiiYTE  wrote  that  the  author  regarded  the  loss  due 
to  the  impossibihty  of  converting  all  the  kinetic  energy  of  the 
water  leaving  the  impeller  into  pressure  energy,  as  tli<*.  most 
important  of  all  tlie  losses  in  the  centrifugal   pump.     Tli»'  writer 


April  1913. 


VOLUTE   CHAMBERS    AND   GUIDE-PASSAGES. 


559 


thought  that  there  were  other  equally  important  losses  which  were 
almost  ignored  by  designers  and  makers  of  these  pumps.  As  a  rule, 
the  thickness  of  metal  dividing  the  suction-chamber  from  the 
discharge -chamber  was  only  a  very  small  surface,  which  rubbed 
against  the  impeller ;  and  the  high  speed  of  the  latter,  with  its 
continual  rubbing,  soon  caused  leakage,  which  became  so  considerable 
that  the  speed  of  the  engine  driving  the  pump  had  frequently  to  be  •' 
increased  to  as  much  as  25  per  cent,  to  obtain  the  necessary  vacuum 
in  the  condenser.     During  the  annual  survey  of  the  steamers  of 


Fig.  18. 


Fig.  17. — 19"  Suction  and  Discharge  Pmnp. 


k-7,"H<- 


the  Isle  of  Man  Steam  Packet  Co.,  the  writer,  in  order  to  prevent 
the  leakage  referred  to,  trued  up  the  faces  of  the  impeller  and  the 
rubbing  faces  on  the  inside  of  the  pump-chamber,  and  fitted  brass 
rings  on  the  pump -chamber  where  the  impeller  rubbed  against  it, 
Fig.  17.  It  was  then  found  that  the  same  vacuum  could  be 
obtained  with  a  reduction  of  25  per  cent,  in  the  speed  of  the 
engine.  On  all  new  steamers  these  brass  rings  were  being  fitted ; 
and  they  overlapped  the  joint  where  the  impeller  touched  the 
chamber.     Fig.  18  showed  the  arrangement  of  countersunk  screws. 
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The  writer  was  of  opinion  that  the  efficiency  of  the  pump  would 
be  still  further  improved  if  the  brass  rings  in  the  pump-chamber 
were  made  in  the  section  of  an  angle,  and  the  collar  of  the  impeller 
turned  on  outside  to  fit  this  brass  angle.  This  would  minimize 
any  further  leakage  which  so  often  occurred  at  this  point.  From 
the  writer's  experience  on  various  steamers  he  had  come  to  the 
conclusion  that  a  large  impeller  was  always  more  effective  than  a 
small  one. 

Professor  Gibson  wrote,  in  reply,  that  Mr.  Attack's  contention 
(page  542),  that  the  impact  of  a  high-velocity  stream  on  a  low-velocity 
stream  was  a  very  undesirable  condition  in  a  centrifugal  pump  was 
obviously  true,  but  it  was  equally  true  that  every  pump  fitted  with 
a  volute  chamber  was  subject  to  this  condition,  and  the  object  of 
the  Paper  was  to  suggest  means  of  reducing  the  shock  loss  which 
it  inevitably  involved.     It  would  be  interesting  to  have  the  data 

from  which  Mr.  Attack  calculated  that   over  50  per  cent,  of   -<^ 

was  converted  into  pressure  energy  in  the  volute  chambers  of 
comparatively  small  pumps.  If  such  a  pump  could  be  constructed, 
it  would  certainly  mark  the  end  of  the  turbine-pump  which,  as 
ordinarily  constructed,  seldom  did  any  better  than  this.  In  no 
volute  pump  of  which  the  author  had  any  knowledge,  was  the 
conversion  of  energy  anything  like  50  per  cent. 

In  reply  to  Mr.  Mair  (page  545),  v^  was  the  velocity  of  flow  in 
the  delivery  pipe.  Since  the  taper  connection  between  volute  and 
delivery  pipe  was  an  essential  part  of  an  efficient  installation,  the 
gain  or  loss  due  to  this  was  an  essential  factor  in  the  installation, 
and  should  be  taken  into  account  in  a  complete  analysis.  Adopting 
this  as  the  meaning  of  i;^,  the  ratio  of  v^  to  v^i  was  not  in  general 
greatly  different  from  the  value  3  *  85  used  in  the  calculations.  As 
Professor  Smith  had  also  objected  to  this  ratio  being  taken  as  constant, 
it  might  be  pointed  out  once  more  that  this  was  done  purely  with 
a  view  of  simplifying  expression  (0)  (page  52G),  and  of  rendering 
it  more  easily  availa])lu  for  practical  a2)plication.  If  desirable, 
however,  any  other  value  could  Ijo  used  equally  well  in  deducing 
an  expression  similar  U)  (G).      In  view  of  the  fact  that  any  probable 
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error  involved  by  using  the  above  value  could  only  be  small,  the 
simplicity  which  was  attained  by  the  approximation  appeared  to 
the  author  to  offer  advantages  which  more  than  counterbalanced 
this  error. 

Professor  Smith's  criticism  (page  557)  as  to  the  inconsistency  of 

the  formula  — — y  "  '^'^'  with  formula  (4)  (page  522),  was  apparently 

based  on  a  somewhat  casual  reading  of  the  Paper.  These  two 
formulas  were  not  comparable,  since  the  first  gave  the  loss  in  a 
single  cylindrical  taper  pipe  with  a  conical  angle  of  6°,  while  the 
second  referred  to  the  loss  at  impact  of  two  separate  streams. 
Moreover,  his  investigation  of  the  best  value  of  v^hy  differentiation 
based  on  the  assumption  of  constant  values  of  w,  6,  v.^,  and  v^i  was 
obviously  faulty,  in  view  of  the  fact  that  in  any  given  pump  both  0 
and  i\i  were  functions  of  v^.  Furthermore,  the  conclusions  to  which 
this  investigation  led,  namely,  that  v^  should  be  less  than  Vj,  and 
therefore  that  the  volute  should  have  a  sectional  area  much  greater 
than  that  of  the  discharge  pipe,  was  obviously  in  disagreement 
with  the  results  of  experiment. 

Professor  Smith's  statement  that  the  loss  accompanying  an 
enlargement  of  section  was  not  proportional  to  {i\  —  v^"^,  w^as  not 
in  accordance  with  recent  experiments  on  this  subject.  Experiments 
by  the  author  on  taper  pipes  *  showed  that  over  the  whole  range  of 
velocities  investigated  the  loss  in  any  pipe  was,  within  the  limits  of 
experimental  error,  proportional  to  {v^  —  v.^"^. 

He  would  take  this  opportunity  of  expressing  his  appreciation 
of  Mr.  Price's  interesting,  suggestive,  and  helpful  contribution 
(page  545)  to  the  discussion.  With  many  of  the  views  raised  by 
Mr.  Price,  he  was  in  substantial  agreement.  The  various  difficulties 
mentioned  by  him  were  seen  and  carefully  considered,  particularly 
those  having  reference  to  the  extent  to  which  the  jet  experiments 
were  capable  of  extension  to  the  case  of  the  pump.  As  initiated, 
the  investigation  was  somewhat  speculative,  and  it  was  not  until 
the    results    of    experiments    on   the    Dundee    pump,    and    of   an 


*  Trans.  Koy.  Soc.  Edin.  1913,  pp.  799-811. 
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examination  of  such  other  tests  as  were  available,  showed  that  the 
results  obtained  appeared  to  afford  substantial  confirmation  of  the 
validity  of  the  necessary  assumptions,  that  it  was  decided  to  put 
them  forward  in  the  form  of  a  Paper.  It  was  a  matter  of 
gratification  to  the  author  to  know  that  Mr.  Price's  examination  of 
sixteen  other  pumps  by  the  method  outlined  in  the  Paper,  showed 
that  the  highest  efficiencies  were  in  general  attained  when  the  actual 
volute  was  in  close  agreement  with  the  calculated  "  best"  volute. 

One  important  point  raised  by  Mr.  Price  had  reference  to  the 
fact  that,  as  shown  by  his  figures  in  Tables  9  and  10  (page  555), 
the  efficiencies  of  pumps  a,  Jc,  I,  and  m  were  not  greatest  when  the 
discharge  was  such  as  to  make  the  actual  volute  most  nearly 
correspond  with  that  designed  on  the  lines  laid  down  by  the  author, 
but  w^ere  greater  for  a  smaller  discharge.  From  this  he  concluded 
that,  for  maximum  efficiency  in  these  pumps,  the  volutes  should  be 
larger  than  were  given  by  the  calculations.  But  this  did  not  by 
any  means  follow.  The  efficiency  of  the  pump  was  a  maximum 
when  the  sum  of  all  its  losses  was  a  minimum.  In  addition  to 
losses  in  the  volute,  these  included  (2)  losses  due  to  friction  and 
eddy  formation  in  the  impeller  itself,  and  (3)  losses  due  to  shock 
at  entrance.  Of  these,  number  (2)  increased  rapidly  as  the  velocity 
of  flow  and  hence  the  discharge  increased,  while  the  magnitude  of 
(3)  depended  on  the  suitability  of  the  angles  of  the  vane-tips  at 
entry  to  the  impeller.  This  angle  could,  of  course,  only  be  adapted 
to  one  definite  discharge.  If  designed  to  suit  the  normal  discharge 
of  the  pump,  as  was  invariably  the  case,  any  increase  in  the 
discharge  beyond  this  point  increased  the  losses  due  to  causes  (2) 
and  (3) ;  and  it  was  not  surprising  if  the  increase  in  the  magnitude 
of  these  losses  was  sufficient  to  mask  any  diminution  in  the  loss  in 
the  volute  cliamljcr. 

Regarding  the  figures  given  by  Mr.  Price,  in  pumps  7c,  /,  and  m 
the  data  were  insufiicient  to  enal)le  this  point  to  ))e  tested.  For 
pump  a,  however,  the  author  had  some  additional  data.  The  inlet 
diameter  of  this  pump  was  7  inches  and  the  inlet  angle  18°  30'. 
For  entry  without  shock  wlieii  delivering  700  gallons  pcir  minute 
this  angle  should,  theoretically,  be    18'.     On  the  other   hand  for 
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entry  without  shock  at  1,200  gallons  per  minute,  the  discharge  for 
which  the  volute  was  apparently  suited,  the  angle  would  require 
to  be  about  30°.  Evidently,  then,  the  loss  at  entrance  would 
be  considerably  greater  with  the  greater  discharge.  But  the 
performance  of  this  pump  could  be  studied  in  yet  another  way. 
At  600  revolutions  per  minute  an  efficiency  of  57*5  per  cent,  was 
obtained  at  800  gallons  per  minute.  At  750  revolutions  per  minute 
the  discharge  suited  to  the  same  angle  at  entrance  was  1,000 
gallons  per  minute,  and  with  this  discharge  at  the  higher  speed  the 
measured  efficiency  was  58  per  cent.  In  these  two  cases  the  losses 
at  entrance  per  pound  of  water  must  be  approximately  the  same, 
and  yet  while  the  friction  losses  and  eddy  losses  in  the  impeller 
had  increased  by  some  50  per  cent.,  the  overall  efficiency  of  the 
pump  had  increased  slightly.  Going  in  the  other  direction  at  400 
revolutions  per  minute  when  delivering  533  gallons  per  minute 
(giving  the  same  loss  at  entrance  as  in  the  two  preceding  cases)  the 
efficiency  was  only  54  per  cent,  in  spite  of  the  comparatively 
small  friction  losses.  These  data  appeared  to  point  conclusively  to 
the  fact  that  the  loss  in  this  volute  was  considerably  less  under  the 
greater  than  under  either  of  the  smaller  discharges,  as  would  be 
anticipated  from  the  conclusions  arrived  at  in  the  Paper. 

From  this  brief  analysis,  it  was  evident  that,  without  further 
data,  it  was  impossible  to  draw  any  useful  conclusions  from  the 
figures  given  by  Mr.  Price  for  pumps  /c,  Z,  and  m.  The  author 
hoped  that  Mr.  Price  might  pursue  his  investigations  into  the 
performance  of  these  pumps  with  the  aid  of  fuller  data,  and  believed 
that  the  more  rigorous  the  analysis  of  these  data,  the  more  clearly 
would  it  be  shown  that  the  general  method  outlined  in  the  Paper 
afforded  the  only  rational  basis  of  design  for  volute  chambers. 
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AN   IMPROVED   GOVERNOR   FOR   WATER-TURBlNES. 


By  PERCY  H.  PITMAN,  Associate  Member,  op  London. 


[Selected  for  Publication.'] 

The  author  proposes  in  this  Paper  to  deal  with  recent  mechanical 
improvements  in  his  hydraulic  relay  governor.  Auxiliary  devices, 
such  as  oil-pressure-pumps,  automatic  relief -valves,  hand-regulators, 
filters,  etc.,  are  all  well  known,  and  have  been  omitted  from  the 
drawings  for  the  sake  of  clearness,  and  the  main  issues  briefly 
described.  Indeed,  the  efficiency  of  these  necessary  adjuncts  is  so 
good  that  little  further  improvement  can  be  expected,  whereas  the 
problem  of  governing  is  not  yet  completely  solved  in  many  of  its 
numerous  applications. 

There  appears  to  be  a  tendency  to  accept  certain  features  of 
governor  design  as  final,  such  as  floating  levers  and  plain  bearings, 
which  have  answered  all  requirements  in  the  past,  but  which  are 
in  need  of  study  and  revision  to  meet  present  requirements  for  a 
simple  compensating  governor.  This  ought  to  be  reliable  under  all 
conditions,  give  accurate  speed  regulation,  and  have  accessibihty  to 
all  its  parts.  Quick  action  is  one  of  the  essentials  of  a  good 
governor  for  hydraulic  turbines.  The  mechanically-operated 
governor  of  the  diflferential  type  is  not  suitable  for  close  speed- 
regulation  on  account  of  its  slowness  of  movement. 

The  most  successful  governors  are  those  of  the  hydraulic  relay 
class.  They  consist  briefly  of  the  usual  centrifugal  pendulum,  driven 
[The  I.Mech.E.] 
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Fig.  1. 
Sketches  of  Floating  Levers  in  general  use. 
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from  the  water-wheel  shaft  and  adapted  to  move  the  phmger  of  a 
small  relaj^-valve.  This  valve  hydraulically  controls  a  piston  in 
the  servomotor,  which  latter  in  turn  operates  the  w^ater  gates. 
When  the  plant  is  of  very  large  size,  the  small  relay  or  pilot- valve 
operates  a  larger  valve,  which  in  turn  actuates  the  servomotor  piston, 
and  the  heavy  work  of  opening  and  closing  the  gates  is  performed 
by  the  fluid  itself,  which  may  be  either  oil  or  water.  The  floating 
lever  in  one  shape  or  another  is  an  integral  part  of  the  redistributing 
mechanism  of  practically  all  hydraulic  compensating  type  speed- 
regulators. 

Fig.  1  shows  sketches  of  floating  levers  at  present  in  general 
use.  They  are  employed  for  the  regulation  of  both  water-  and 
steam-turbines.  These  sketches  are  diagrammatical  and  merely 
show  the  principle  of  action  common  to  all  floating  levers.  The 
author  would  call  special  attention  to  the  complication  of  these,  and 
to  the  great  number  of  small  parts,  pins,  links,  levers,  eccentrics 
and  other  devices  which  are  liable  to  wear.  All  these  are 
connected  to  the  governor-sleeve  instead  of,  as  would  seem  more 
mechanical,  their  being  attached  only  to  the  redistributing 
mechanism,  the  advantages  of  which  will  be  explained  later.  All 
these  parts  are  in  continual  movement,  and  after  a  number  of 
years,  the  wear  in  each  joint,  even  though  extremely  small,  must 
necessarily  entail  a  certain  amount  of  lost  motion,  or,  in  other  words, 
the  governor-sleeve  will  travel  a  certain  distance  without  moving 
the  relay- valve. 

There  is  in  all  cases  a  certain  unavoidable  amount  of  lost  motion 
caused  by  the  lead  of  the  governor  over  the  servomotor,  that  is,  the 
pendulum  has  to  lift  or  fall  a  distance  equal  to  the  predetermined 
lap  of  the  piston-valve  before  the  relay-piston  begins  to  move,  and 
the  motion  of  the  servomotor  follows  up  the  movement  of  the 
pendulum.  This  lost  motion  causes  a  tendency  to  hunting,  which  is, 
however,  inappreciable  in  a  sensitive  governor.  But  if  in  addition 
there  is  looseness  caused  by  wear,  then  any  governor  may  hunt 
considerably  when  sudden  changes  of  load  occur.  This  small  lap  of 
the  valve  is  essential,  but  in  a  properly-designed  water-wheel  plant, 
with  sufficient  fly-wheel  momentum,  the  amount  of  hunt  is  so  small 
as  to  be  negligible, 
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Fig.  2. 

C,  Aluminium  crosshead. 
F,  Fj,  Spring  adjustment  for  sensitiveness. 

D,  Sleeve  for  speed  adjustment. 
Dotted  lines  K-Kj  and  L-Li  represent   the 

pipes  from  valve  to  cylinder. 
M,  Inlet  port  for  oil  or  water  under  pressure. 
B,  This  driving  shaft   is   normally  at   right 

angles  to  the  view  shown  (at  the  back 

of  column  K). 
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In  the  author's  design,  as  illustrated  in  Fig.  2,  floating  levers 
have  been  dispensed  with  altogether,  as  he  found  from  experiments 
that  the  arrangement  shown  gives  more  satisfactory  results.  On  the 
governor-sleeve  is  mounted  an  aluminium  crosshead  C,  which  rises 
and  falls  with  the  sleeve  S,  and  can  be  adjusted  to  take  up  any  wear, 
and  is  prevented  from  revolving  by  means  of  the  stops  X  and  X^. 
One  end  of  the  crosshead  is  directly  connected  to  the  piston-valve 
J,  and  the  other  end  to  the  plunger  of  the  oil-brake  W.  By  this 
means  a  direct  force  couple  is  obtained,  and  as  good  or  better 
results  are  secured  by  a  much  simpler  method.  The  crosshead 
arrangement  gives  a  minimum  of  weight  with  a  maximum  of 
sensitiveness.  It  gives  a  directly  steered  valve  in  place  of  an 
indirectly  steered  one. 

The  compensating  or  readjusting  mechanism  consists  of  a  bronze 
tube  or  sleeve  E,  which  is  a  sliding  fit  in  the  valve-body  A  and 
inside  which  the  plunger  J  works  freely.  The  sleeve  is  connected 
to  the  piston  of  the  servomotor  as  shown,  or  to  some  portion  of  the 
gate-regulating  mechanism,  and  every  movement  of  the  piston- 
valve  is  immediately  duplicated  by  this  sleeve.  These  movements 
are  almost  simultaneous.  A  few  ounces  in  weight  are  quite 
sufficient  to  move  the  plunger  J. 

An  oil-brake  W  is  provided  with  a  wide  range  of  adjustment  by 
means  of  the  check-valve  Y.  This  controls  the  too  rapid  action  of 
the  governor,  and  also  prevents  the  valve-sleeve  or  compensator 
from  interfering  with  the  action  of  the  pendulum.  It  will  be 
noticed  further  that  the  body  of  this  oil-brake  is  coupled  to  the 
valve-sleeve  by  rocking-beams  Z  in  such  a  manner  that  when  a 
change  in  speed  occurs,  and  the  valve-sleeve  moves  upwards,  this 
compensating  action  causes  the  body  of  the  oil-brake  to  be  moved 
downwards  and  vice  versa.  The  check- valve  Y  on  the  oil-brake  can 
be  so  adjusted  that,  however  sudden  the  change  of  load,  the  action 
of  the  governor-pendulum  is  not  interfered  with  by  the  back  action 
of  the  sleeve.  This  device  has  been  found  to  have  a  further 
beneficial  efi"ect  in  preventing  the  too  rapid  rise  or  fall  of  the 
pendulum.  It  should  be  noted  that  the  rocking-beams  Z,  the  sleeve 
E,  and  the  oil-brake  body  W,  are  held  quite  rigid  between  every 
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movement  of  the  pendulum.  In  the  case  of  an  impulse-wheel  with 
needle  regulation  or  ^\-ith  a  deflector,  if  it  should  be  noticed  that 
the  governor  carries  the  needle  or  deflector  beyond  the  proper 
position  and  then  oscillates  several  times  after  a  change  of  load,  it 
is  generally  a  sign  that  the  oil-brake  is  not  slow  enough  in  its  action, 
and  the  remedy  is  to  close  down  the  valve  Y  still  further.  If,  on 
the  other  hand,  the  governor  does  not  open  or  close  the  nozzle  far 
enough,  the  valve  on  the  oil-brake  should  be  unscrewed  a  little  more. 

A  further  improvement,  which  the  author  discovered  by  accident, 
consists  in  throttling  the  exhaust  instead  of  the  supply  to  the  valve  A. 
This  produced  a  marked  effect  in  the  speed  regulation.  It  has 
often  been  the  practice  in  the  past  to  regulate  the  speed  of 
traverse  of  the  piston  by  throttling  the  supply.  But  the  improved 
arrangement  gives  a  twofold  action,  namely,  it  takes  some  of  the 
strain  oflf  the  piston-valve,  reducing  the  wear  and  putting  it  in  more 
perfect  balance,  and  also  makes  the  relay-piston  itself  much  easier  to 
move.  It  should,  however,  be  borne  in  mind  that  in  the  improved 
method  the  relation  between  bore  and  stroke  must  be  carefully 
determined.  The  stroke  should  be  just  enough  to  close  the  gates 
and  no  more.  The  pipes  and  the  bore  of  the  cylinder  should  be 
large  enough  to  give  an  ample  margin  of  power,  so  that  the  gates 
would  be  closed  at  the  necessary  speed. 

In  all  cases  where  governors  are  running  for  long  periods,  it  is 
advisable  to  use  ball-bearings  to  all  parts,  thus  preventing  any 
possibility  of  heating  and  requiring  less  driving  power.  In  the 
crosshead  C  is  mounted  a  double  ball  thrust-bearing.  This  takes 
the  end  thrust  in  either  direction,  and,  as  there  is  practically  no 
journal  pressure  to  be  supported,  the  stationary  and  revolving  races 
are  held  concentric  by  making  the  end-covers  a  running  clearance 
in  the  bore.  These  covers  centre  the  parts  which  carry  the  middle 
race  and  form  a  convenient  grease-tiglit  housing.  The  heaviest 
strain  which  this  ball-bearing  would  ever  be  likely  to  receive  is  but 
a  fractional  part  of  the  strains  to  which  motor-car  axle-bearings 
are  constantly  subject.  Tlie  bottom  of  tlio  main  spindle  is  fitted 
with  double  l)all  thrust-bearings  11,  and  the  usual  plain  brasses  at 
top  and  bottom  have  been  replaced  with  ball  journal-bearings  N  and 


April  1913.  GOVERNOR   FOR  WATER-TURBINES.  571 

Np  The  lecather  0  makes  a  convenient  grease-tight  housing  for  this 
bearing.  On  the  horizontal  driving  spindle  are  provided  two  radial 
ball-bearings  P  and  P^,  and  a  double  thrust-bearing  Q.  In  the  case  of 
this  latter  bearing,  the  two  outer  races  are  held  endways  by  means 
of  the  steel  sleeve  and  nut  T,  and  the  central  thrust- washer  is  held 
in  place  by  the  coUars  R,  R^  and  the  end  cover  U.  This  prevents 
any  tendency  to  end  movement  and  takes  the  thrust  of  the  driving 
gear.  The  horizontal  driving  shaft  B  is  shown  in  side  elevation  in 
Fig.  2  for  the  sake  of  clearness  ;  it  is  normally  at  the  back  of  the 
column  V  (at  right  angles  to  the  view  shown).  The  bearing  caps 
or  covers  have  small  grooves  turned  in  them  as  shown.  These 
grooves  form  grease-pockets,  effectually  excluding  dirt  or  grit. 

The  great  advantage  of  using  oil  for  the  relay  is  that  the  parts 
require  no  lubrication  and  the  wear  is  negligible.  The  best  oil  to 
use  is  a  pure  hydrocarbon,  which  must  be  without  mineral  or  free 
fatty  acids.  It  should  have  a  low  settling  point,  and  must  remain 
liquid  at  low  temperatures.  It  is  important  to  select  an  oil 
suitable  for  the  climate  and  the  conditions  under  which  it  will  be 
used.  The  viscosity  of  oil  diminishes  as  the  temperature  rises, 
oils  of  high  initial  viscosity  giving  way  more  rapidly  than  oils  of 
low^er  viscosity.  An  oil  should  be  chosen  which  does  not  break 
down  into  vaseline  after  long  use.  The  author  has  noticed  that  a 
really  first  class  oil,  although  it  does  not  affect  leather  to  any 
appreciable  extent,  is  liable  to  affect  packing  -  rings  of  the 
composition  class,  such  as  vulcanite  or  fibre,  and  its  action  on  these 
is  greater  in  hot  climates.  In  cold  climates  a  mixture  of  alcoho 
and  glycerine  can  be  used  in  place  of  oil  to  prevent  risks  of 
freezing. 

Having  now  briefly  described  the  arrangement  of  the  governor, 
a  few  general  remarks  may  not  be  out  of  place.  In  any  hydraulic 
governor  the  following  action  takes  place.  Assuming  the  speed  is 
normal,  the  revolving  masses  should  occupy  their  mean  position. 
Supposing  the  load  is  reduced,  the  speed  will  increase,  causing  the 
pendulum  to  reduce  the  water-supply  to  the  wheel.  The 
servomotor  wiU  contijiue   to   act  as   long   as   the  speed  continues 
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above  normal,  but  as  the  gate  has  now  been  partly  shut  the  speed 
is  reduced,  and  this  again  causes  the  pendulum  to  open  the  valve. 
The  cycle  of  operations  will  continue  in  this  way,  each  change 
being  too  late  and  moving  the  servomotor  piston  too  far  in  either 
direction,  unless  a  satisfactory  compensating  device  is  furnished  to 
counteract  it.  The  gate-regulating  mechanism  is  continually  trying 
to  catch  up  with  the  oscillatory  movements  of  the  pendulum. 
Many  ingenious  compensating  devices  are  adopted  to  overcome 
this  defect,  but  the  object  of  all  is  the  same  in  principle,  that  is,  to 
move  the  valve  instantly  to  a  neutral  position  after  every  movement 
of  the  servomotor,  or,  in  other  words,  .the  compensating  device  is 
continually  trying  to  prevent  over-regulation  which  results  in  that 
troublesome  see-sawing  or  racing  effect  which  is  known  as  hunting. 

It  is  important  that  the  governor  shall  operate  on  the  speed 
varying  half  per  cent,  from  the  normal.  When  a  considerable 
change  of  load  occurs,  it  should  move  the  gates  to  a  predetermined 
position  which  will  keep  the  speed  right  for  that  particular  change 
of  load.  It  should  also  be  capable  of  opening  or  closing  the  gates  in 
from  1  second  to  IJ  seconds  if  desired.  When  the  head  of  water 
and  the  load  are  steady  the  speed  should  remain  stationary,  and  for 
small  changes  of  load  one  movement  of  the  valve  should  suffice  to 
produce  normal  conditions.  Not  more  than  three  separate  and 
distinct  movements  should  occur  for  any  possible  change  of  load. 

In  very  large  power-plants,  where  a  pilot- valve  is  necessary,  it  is 
advisable  to  make  this  a  separate  valve,  as  if  made  integral  with  the 
larger  valve  it  introduces  unnecessary  complication  and  makes  the 
parts  very  inaccessible.  Also,  when  the  valve  has  been  taken  to 
pieces  for  cleaning  or  repairs,  it  is  difficult  to  readjust  and  takes 
considerable  time  to  tune  up  the  governor  again.  Many  attempts 
have  been  made  in  Europe  in  recent  years  to  govern  water-turbines 
witli  electric  and  pneumatic  relays.  But  except  as  an  auxiliary, 
tljoy  have  not  proved  very  successful.  Witli  turbine  governors,  as 
witli  many  other  devices,  practical  experience  and  experiment  is  a 
better  guide  than  mathematical  reasoning. 

At  this  early  stage  the  autlior  does  not  care;  to  make  any 
conclusive  statements,  but  he  would  like  to  say  that,  although  the 
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governors  have  only  been  tested  on  plants  of  modest  dimensions, 
the  general  arrangement  described  and  illustrated  has  shown  better 
results  than  he  has  been  able  to  obtain  by  the  use  of  floating  levers 
on  the  same  plant.  Any  wear  in  the  returning  or  redistributing 
mechanism  is  not  nearly  so  serious  as  wear  in  floating  levers  which 
operate  indirectly  steered  valves,  simply  because  the  former  is  quite 
a  separate  and  distinct  mechanism  which  will  continue  to  act  until 
it  has  brought  the  valve  again  to  a  neutral  position,  quite  apart 
from  any  wear  or  lost  motion.  Where  floating  levers  are  used,  any 
looseness  in  the  parts  is  directly  transmitted  to  and  felt  by  the 
valve. 

Most  engineers  are  agreed  that  the  floating  lever  is  a  convenient 
way  of  reaching  to  any  part  of  the  governing  mechanism,  but  the 
author  has  found  it  more  efficient  and  practical  to  use  the  new 
arrangement  of  crosshead.  The  valve  J,  Fig.  2,  may  be  connected 
directly  either  above  or  below  the  governor  pendulum,  but  the 
former  arrangement  is  not  so  practical  or  accessible.  When  a 
floating  lever  is  used,  if  it  is  light  it  is  liable  to  be  springy  and  to 
set  up  a  secondary  motion,  giving  the  valve  a  false  movement. 
Many  floating  levers  are  of  considerable  length  and  weight,  and 
holes  are  frequently  drilled  with  a  view  of  lightening  them  as 
much  as  possible.  It  is  preferable  in  all  cases  to  drive  by  means 
of  gearing  or  silent  chain  with  centre  guide.  This  arrangement 
is  more  satisfactory  than  using  belts,  as  even  when  two  are 
employed  they  are  liable  to  stretch  or  slip. 

The  governor-head  or  pendulum  in  the  author's  original  design 
had  a  defect  which  is  common  to  all  governors  of  this  type,  that  it 
needed  too  great  an  increase  or  decrease  of  speed  before  the  valve 
was  moved,  or,  in  other  words,  it  had  too  large  a  variation  of  speed 
between  the  inside  and  outside  positions,  this  being  an  inherent 
fault  of  the  type.  To  obviate  this  defect,  a  governor  pendulum 
was  chosen  with  a  high  degree  of  sensitiveness  combined  with 
stability.  It  is  important  to  remember  that  the  momentum  of  the 
revolving  element  must  be  sufficiently  great  to  take  care  of  the 
excess  energy.  The  flyrwheel  should  be  able  to  furnish  power  for 
the   added   load  until  the  governor  has    furnished   the   increased 
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water-supply  to  the  wheel.  One  cannot,  of  course,  take  this 
additional  power  from  the  fly-wheel  without  reducing  its  speed 
proportionately. 

In  all  cases  the  pipe  line  must  be  furnished  with  a  suitable 
relief-valve  with  automatic  closing  arrangements  or  other  device 
to  prevent  oscillation  of  pressure,  as  this  has  a  very  important 
bearing  on  the  closeness  of  the  speed  regulation  obtained.  The 
author  has  noticed,  in  the  case  of  an  impulse  water-wheel  with  the 
governor  operating  a  deflector,  the  variation  in  cross-section  of  the 
jet  when  regulating  by  deflector  has  a  very  marked  influence  on 
the  speed.  From  experiments  which  he  has  made  he  has  come  to 
the  conclusion  that  the  circular  nozzle  or  jet  gives  better  speed  and 
efficiency  than  a  rectangular  or  irregular  shape  of  jet,  even  though 
of  the  same  area  and  passing  exactly  the  same  quantity  of  water. 
Although  the  circular  nozzle  is  the  most  efficient,  the  momentary 
action  of  the  deflector  in  slicing  off  a  portion  of  the  jet,  and  thus 
altering  its  cross-section,  helps  further  to  upset  the  conditions 
of  equilibrium.  In  this  connection  it  is  important  to  remember 
that  many  water-turbine  plants  are  more  efficient  at  part  gate 
than  they  are  at  full  gate.  This  also  has  a  vital  bearing  on  the 
question  of  governing.  Another  cause  of  trouble  is  pulsation  of 
water  in  the  pipes,  which  may  be  produced  by  many  influences. 

The  question  of  balance  must  also  be  taken  into  consideration. 
Many  wheels  of  the  impulse  type  are  not  in  perfect  running 
balance,  and  if  the  critical  speed  of  tlie  wheel-runner  happens  to 
be  near  the  normal  speed  of  the  governor,  it  has  a  disturbing  effect 
which  is  distinctly  noticeable.  The  most  satisfactory  coefficient  of 
speed  fluctuation  is  plus  and  minus  2  per  cent.,  or  a  total  variation 
from  the  mean  speed  of  4  per  cent.  If  this  coefficient  is  reduced 
below  a  given  value,  the  speed  will  vary  even  under  a  constant 
load  and  cannot  be  steadied.  Some  of  the  great  water-turbine 
stations  visited  during  the  Summer  Meeting  at  Ziirich  were  full  of 
interest,  and  muc]i  v;ilii;i])]e  knowledge  was  gained.  It  was  Ji  very 
pleasant  sight  to  an  engineer  watching  these  huge  generating 
plants  in  operation  to  find  such  powerful  mac) lines  and  sucli 
perfect  speed  regulation.       One    cannot    lielp    admiring  the  great 
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skill  of  the  designers,  and  also  the  pluck  of  the  operators,  as  it 
should  not  be  lost  sight  of  that  when  these  huge  plants  were  first 
started  up,  the  men  must  have  been  put  to  considerable  nervous 
strain.  In  some  cases  entirely  new  designs  in  the  turbines  and 
governors,  as  w^ell  as  automatic  pressure-regulators,  were  being 
tried  on  a  large  scale  for  the  first  time.  No  one  could  be  absolutely- 
certain  that  the  hydraulic  portion  of  the  plant  would  fully  carry 
out  everything  that  was  expected  of  it.  The  men  were  not 
absolutely  sure  that  everything  would  go  right,  but  they  knew  very 
well  indeed  w^hat  might  happen  to  them  in  the  case  of  failure  in  the 
turbine-house. 

In  one  large  plant,  where  the  current  was  used  almost  exclusively 
in  electric  furnaces  for  the  production  of  aluminium,  the  manager 
remarked,  "  If  we  could  make  the  revolving  element,  consisting  of 
the  Pelton  wheel  runner  and  the  armature  of  the  electric  generator, 
to  stand  the  runaway  speed,  we  would  not  have  a  governor  in  the 
place."  He  said  that  though  every  governor  in  the  turbine-house 
was  of  practically  the  same  standard  pattern,  no  two  gave  exactly 
the  same  results,  and  he  thought  they  were  unnecessarily 
complicated.  He  further  stated  that  every  time  a  fresh  man  was 
put  in  charge  of  a  turbine,  or  was  moved  on  to  another  one,  he  had 
to  be  initiated  into  the  peculiarities  of  that  particular  governor. 
He  explained  that  it  was  not  that  they  did  not  govern,  but  that 
when  violent  changes  of  load  occurred,  and  the  turbines  from  any 
cause  got  a  little  out  of  hand,  the  men  were  liable  to  lose  their 
heads  and  do  the  wrong  thing,  making  the  conditions  momentarily 
worse  instead  of  better. 

The  problem  of  regulating  the  speed  of  water-turbines  is  one  of 
the  greatest  difiiculty.  Although  efficiency  in  speed  regulation  has 
reached  such  a  high  degree  of  perfection  in  plants  of  very  large 
size,  there  is  still  much  to  be  accomplished  in  perfecting  governors 
suitable  for  plants  of  small  or  moderate  dimensions. 

With  regard  to  the  starting  up  of  water-wheel  plants  and  the 
tuning  up  of  the  governor,  in  the  case  of  the  author's  hydraulic 
governor,  operated  say  by  water-pressure,  the  method  of  starting 
up  is  as  follows  : — The  governor  is  furnished  with  a  three-way  valve 
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or  cock  on  the  supply  which  admits  pressure  water  to  either  one  or 
the  other  end  of  the  cylinder,  and  to  exhaust.  To  start  up  the 
plant,  the  valve  is  first  opened  admitting  water  to  the  servomotor, 
which  in  turn  opens  the  nozzle  or  gate  admitting  the  water  to  the 
wheel.  The  turbine  then  runs  up  to  its  normal  speed,  at  which 
point  the  starting  valve  is  shut  and  automatic  regulation  commences. 
With  the  oil-pressure  type  the  starting  up  is  a  more  complicated 
matter,  but  it  is  difficult  to  give  information  on  the  starting  up 
of  these,  as  the  operation  differs  with  almost  every  type  of  oil- 
pressure  governor  in  use. 

Water  may  be  used  to  operate  the  governor  servomotor  in  high- 
pressure  plants  in  all  cases  where  it  is  pure  and  well  filtered,  and 
many  plants  are  working  satisfactorily  with  it.  The  water  may  be 
taken  from  the  ordinary  service  supply  in  the  case  of  small  plants. 
Any  pressure  can  be  used,  but  the  author  recommends  between  50 
and  150  lb.,  the  latter  pressure  being  the  most  serviceable.  It  is 
advisable,  however,  in  all  cases  to  use  oil  as  the  motive  fluid 
wherever  possible,  as  it  lubricates  the  working  parts  of  the 
governor,  is  free  from  sediment,  and  reduces  the  wear  to  a 
minimum.  There  appears  to  be  some  disagreement  as  to  the  best 
type  of  oil-pump  to  use,  but  the  author  believes  that  the  plunger 
type  is  far  preferable  to  any  rotary  type  of  pump,  and  he  thinks 
the  statements  which  George  Stephenson  made  years  ago  in  his 
Paper  remain  as  true  to-day  as  they  were  when  written. 

No  hard  and  fast  rule  can  be  laid  down  on  the  question  of  the 
fly-wheel  energy  necessary  for  governing,  owing  to  the  great 
diversity  of  uses  to  which  the  turbine  is  applied.  It  is  impossible 
to  give  a  formula  which  is  at  all  applicable  to  every  case  of  this 
very  knotty  problem.  In  many  instances  which  have  come  under 
the  author's  notice,  the  fly-wheel  energy  was  unnecessarily  large  aa 
fjir  as  the  governor  was  concerned,  and  on  the  otlior  liand  lie  liad 
seen  plants  in  which  it  would  have  been  an  advantage  to  have  had 
more  fly-wheel  power.  In  driving  some  classes  of  machinery,  the 
fly-wheel  energy  which  can  be  o})tained  from  the  machinery  which 
is  being  driv(;n  is  quite  suflicient  to  give  good  governing  witlujut 
any  extra  fly-wheel   weight  on  the  tur))ine-Hhaft   runner.      Then 
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again  there  is  the  type  of  turbine  used  to  be  considered.  Large 
Pelton  wheels  working  under  extremely  high  heads  have  considerable 
fly-wheel  energy,  owning  to  the  weight  of  the  runner  and  the  high 
peripheral  speed.  Whatever  additional  fly-wheel  energy  is  required 
must  be  kept  within  safe  limits,  that  is,  the  runaway  speed  in  case 
of  breakdown. 

In  conclusion,  the  author  desires  to  thank  the  following 
gentlemen  for  their  kind  advice  or  assistance :  Mr.  C.  Campart, 
Messrs.  Hartung  and  Co.,  The  Hoffman  Manufacturing  Co.,  Ltd., 
Mr.  J.  P.  Hall,  The  Monoval  Governor  Co.,  Dr.  Stodola,  and 
Mr.  Cuthbert  Wilson. 

The  Paper  is  illustrated  by  2  Figs,  in  the  letterpress. 
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AN   ELECTRICAL   MEASURING   MACHINE. 


By  p.  E.  SHAW,  D.Sc,  op  University  College,  Nottingham. 


[Selected  for  Puhlication  with  Discussion  in  writing.] 

(I)  General. 

End-gauges  of  length,  being  of  three  types,  parallel-faced, 
cylindrical  and  spherical-ended,  a  measuring  machine  of  the  best 
kind  should  be  adapted  to  a  great  variety  of  work,  namely  : — 

(a)  Comparison  of  one  gauge,  between  assigned  points,  with 
another  gauge,  whether  of  the  same  or  another  type. 

(h)  Absolute  measurement  of  a  gauge,  between  assigned 
points  (that  is,  comparison  with  a  line-standard  of 
length). 

(c)  Exploration  of  any  gauge.  No  gauge  can  be  reliable 
unless  its  figure  is  uniform.  The  measuring  machine 
should  have  facilities  for  rotating  a  gauge  into  line, 
holding  it  there  during  measurement,  and  rotating  or 
translating  it  into  any  new  position  for  remeasurement. 

Commercial  measuring  machines  are  used  in  engineering  work 
for  the  above  processes  (a)  and  (h)  and  serve  well  where  quickness 
rather  than  accuracy  is  desired.  But  they  are  faulty  in  various 
respects;  for  example:  (1)  Lack  of  adjustments;  (2)  Assumption 
of  the  truth  of  certain  flat  surfaces  employed ;  (3)  No  provision  for 
[The  I.Mech.E.]  2  r  2 
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setting  gauges  accurately  along  the  line  of  measurement ;  (4)  The 
application  of  considerable  forces  along  the  line  of  measurement. 

In  consequence  of  these  defects,  all  such  measuring  machines 
fail  in  the  processes  detailed  above  to  provide  the  accuracy  now 
demanded  in  the  standardizing  work  of  a  metrological  laboratory  ; 
and  are  not  good  enough  for  a  critical  examination  of  the  best 
modern  gauges,  notably  those  of  Johansson,  of  Eskilstuna,  Sweden. 

The  author  has  developed  a  method  of  measuring  by  electric 
contact,  first  described  in  1900.*  An  electric  measuring  machine 
founded  on  this  principle  was  made  in  IQOS.f  It  has  been  used  in 
the  National  Physical  Laboratory  since  1909.  Improvements  were 
made  in  the  machine  and  have  been  described  with  their  results.  J 


Johansson  Gaiujes. 


Fig.  1. 


Fig.  2. 
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The  machine  proved  useful  and  experience  showed  that  its  limitations 
were  due  to  mechanical  design,  and  not  to  the  new  methods 
employed. 

The  present  Paper  describes  a  new  machine  founded  on  the 
electric  contact  principle.  It  has  a  higher  order  of  reliability  than 
the  first  machine,  while  at  the  same  time  it  is  more  adaptable  to 
each  of  the  above  processes. 

The  Joliansson  gauges  mentioned  above  liave  now  attained  a 
unique  position  on  account  of  tlieir  accuracy  and  adaptability. 
They  are    rectangular   slabs,  as   seen    in    Fig.   1.      Tlie  true  faces 

♦  I'hil.  Mag.,  Dec.  1900. 

t  Proc.  Roy.  Soc,  190G  A.,  Vol.  77. 

+  l^roc.  ]ioy.  Soc,  I'JIO  A.,  Vol.  84  and  1912  A.,  Vol.  87. 
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are  about  35  mm.  X  10  mm.  and  all  the  slabs  on  this  system  have 
this  cross-section.  The  true  faces  have  repeatedly  been  proved, 
both  by  optical  and  mechanical  tests,  to  be  plane  and  parallel  to  a 
degree  of  accuracy  hitherto  unattained  in  metal. 

One  peculiarity  of  this  gauge  system  is  that  the  units  can  be 
wrung  together  and  used  in  combination,  so  that,  given  a  variety 
of  small  gauges,  larger  ones  can  be  made  by  simple  addition. 
In  Fig.  2  is  shown  one  combination 

1-000  in.  +  0-750  in.  +  0*500  in.  =  2*250  in. 

Later  in  this  Paper  are  given  the  results  of  tests  on  these  gauges, 
simple  and  composite. 

(II)  Description. 

Fig.  3,  Plate  10,  shows  the  machine  as  set  up  in  the  works  after 
manufacture.  Its  appearance  when  set  up  ready  for  use  in  the 
laboratory  with  certain  additions  is  shown  in  Fig.  5.  The 
complete  length  over  all  is  8  feet,  height  2J  feet,  and  the  total 
weight  is  about  800  lb.  It  rests  on  a  concrete  table  built  from 
the  foundation.  The  vertical  iron  girder  seen  on  the  left  of 
Fig.  5,  Plate  10,  is  bolted  on  the  back  of  the  concrete  table;  this 
girder  carries  a  reading  microscope.  The  two  Figs.,  not  being 
taken  from  the  same  point,  show  different  details. 

(1)  Girders. — At  the  extreme  front  and  back  (see  Fig.  4  and 
Figs.  3  and  5,  Plate  10)  are  girders  mounted  on  cast-iron  pillars. 
These  carry  the  chief  weight  of  the  machine  uprights  A,  B,  C. 
The  load  is  conveyed  to  the  girders  from  the  uprights  through 
vertical  spring  boxes  h  to  steel  castors  c  fitted  with  ball-bearings. 
The  girders  serve  three  purposes:  (1)  to  relieve  the  bed  of  most  of 
the  load  of  the  uprights  (about  200  lb.)  and  so  to  reduce  flexure  of 
the  bed ;  (2)  to  render  the  movement  of  the  uprights  along  the  bed 
easy  and  smooth ;  and  (3)  to  reduce  the  wear  on  the  bed  by 
lessening  the  pressure  of  the  five  feet  of  each  upright  on  the  bed. 
This  device  has  proved  successful,  the  uprights  moving  very  freely 
in  spite  of  their  weight. 
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(2)  Bed. — luside,  but  not  touching  the  parallel  girders,  is  the 
bed  of   the   machine,  Figs.  4   and    6,  of  length   6  feet,  height  at 

Fig.  4. 
Section  of  Bed  and  Girders. 
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centre  15  inches,  greatest  width  8  inches  and  weight  about  500  11). 
Tliere  are  two  bow-sliaped  vertical  webs  15  inches  deep  at  the 
centre  and  G  inches  at   the   ends.     The    thickness  of   the  webs  is 
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1  inch,  increased  to  2  inches  at  the  edge  flanges.  The  two  webs 
are  joined  by  nine  vertical  cross-webs,  also  1  inch  thick.  One  main 
web  is  surmounted  by  a  horizontal  plane  surface  d,  2  inches  wide. 
The  other  web  is  surmounted  by  two  plane  surfaces  e,  /,  inclined  at 
90°  to  one  another  and  at  45°  to  the  horizontal.  There  are  six 
large  holes  through  each  longitudinal  web  to  reduce  dead  weight. 
At  the  bases  of  the  longitudinal  webs  are  two  feet,  each  about  one- 
quarter  of  the  web  length  from  one  end.  Another  foot,  about 
one-quarter  of  the  web  length  from  the  other  end,  lies  midway 
between  the  webs.  Thus  the  bed  is  supported  on  three  feet. 
Fig.  6. — Bed.     Side  View  and  two  Sections. 


O  O 


INS.  12  6  0 

I  ■■  I  ■''■■'■'  I 


There  are  two  "  safety "  feet  on  the  latter  web  clear  of  the  table 
surface  by  J  inch.  The  feet  are  shown  in  the  sections  in 
Fig.  6. 

As  regards  manufacture,  the  details  of  the  moulding  and  casting  of 
the  bed  were  carefully  considered ;  the  method  of  feeding  the  mould 
and  its  position  during  the  setting  of  the  metal  being  so  arranged  as 
to  secure  a  close,  fine  grain  at  the  surfaces  about  to  be  machined. 
The  material  of  the  casting  consisted  of  60  per  cent,  best  selected 
heavy  scrap  iron  and  40  per  cent.  Nottinghamshire  No.  4  cylinder 
iron.  When  the  casting  was  removed  from  the  mould  it  was 
placed  in  the  most  vibrational  part  of  the  works.  After  several 
weeks  the  three  cardinal  planes  d,  e,  /  were  scaled  in  the  planing 
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machine  and  the  casting  again  put  aside  to  age  for  some  months. 
The  surfaces  were  then  lightly  planed  and  the  bed  again  put  aside. 
This  process  having  been  repeated  several  times,  the  bed  was  ready 
for  scraping  eight  months  after  casting.  Care  was  taken  during 
the  machining  to  rest  the  bed  only  on  its  three  feet  and  to  hold 
it  down  by  bolts  over  its  feet  only.  In  the  finished  bed  there  are 
to  be  three  true  planes  d,  e,  f,  two  sloped  and  one  horizontal.  The 
imaginary  ridge  formed  by  the  continuation  of  the  two  sloped 
planes  should  be  parallel  with  the  centre  line  of  the  horizontal 
plane.  In  order  to  attain  this  result  a  template  was  made  having 
a  large  plane  to  fit  the  horizontal  bed  plane  d  and  four  J-inch 
screw-ends  to  fit  the  sloped  bed-planes  e  and  /.  First  one  sloped 
surface  then  the  other  was  scraped  true  to  a  long  surface  plate. 
The  large  plane  surface  of  the  template  and  the  four  screw-ends 
were  then  scraped  true.  And  finally,  the  horizontal  bed  surface 
was  scraped  so  that  the  bed  fitted  the  template  throughout,  whilst 
the  three  cardinal  bed  surfaces  remained  true  as  tested  by  the  long 
surface  plate. 

Errors  arising  from  defects  in  the  bed  are  discussed  in  Section  V 
(page  593). 

(3)  Gauge-holder. — The  central  upright  B,  Fig.  3,  Plate  10,  is 
shown  in  detail  in  Figs.  7  and  8,  which  are  front  and  side  views. 
This  upright  will  in  future  be  called  the  gauge-holder,  its  object 
being  to  carry  the  gjiuges  to  be  measured  and  to  provide  them  with 
translations  and  rotations  necessary  to  bring  them  into  any  desired 
position.     Two  gauges  are  shown  in  section  in  the  centre  of  Fig.  7. 

Tranfdations. — A  surfaced  plate  L,  whose  plane  is  perpendicular 
to  the  run  of  the  bed,  lias  three  studs  S^  S.^  S^  kept  pressed 
against  it  horizontally.  These  studs  are  fixed  to  a  frame  Fj 
which  carries  the  gauges  to  be  measured.  Fj  is  itself  carried  by 
another  frame  Fo,  any  desired  horizontal  motion  of  the  former 
being  j)ro(luced  by  a  screw  Wj,  Fig.  7,  moving  in  a  nut 
carried  l^y  the  spindle  of  the  screw  working  in  a  bearing  in  Fg. 
The  weight  of  Fj  is  communicated  to  F,^  by  two  basal  studs  S4 
and  S5.      Again,  any  desired  motion  of  F^  vertically  is  produced 
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by  a  screw  W2  ^vorking  in  a  nut  fixed  in  the  frame  F2,  the 
spindle  of  the  screw  working  in  a  bearing  in  P.  Four  steel 
pillars  2h  IhPsPi  connect  P  rigidly  with  the  base  plate  B,  which 
is  solid  with  L.  F.^  is  guided  in  its  up-and-down  motion  by  two 
rigid  Vs  pressed  against  p.2  and  one  V  pressed  against  pi  by  a  stiff 
spring.  The  three  studs  S^  83  S3  press  against  L  on  its  left  face, 
Fig.  3,  Plate  10,  and  Fig.  8.  The  frame  F^  carries  three  flanged 
guiding  arms  Ci  C2  C3  which  serve  the  purpose  of  keeping  the 
studs  Si  S2  S3  in  steady  pressure  against  L.  There  are  three 
more  studs  Sg  S7  Sg  kept  pressed  against  the  right  side  of  L  by 
spring  boxes  carried  by  the  couplings.  The  "  surfaced "  portion 
of  L  consists  of  three  areas,  each  about  2  inches  square,  on  front 
and  back.  These  areas  are  large  enough  for  the  utmost  run  of  the 
studs  during  the  translations.  L  is  J  inch  thick,  is  solid  with  the 
base  B,  with  stiffening  buttresses  joining  the  horizontal  and  vertical 
parts,  and  there  is  a  large  hole  to  allow  free  motion  for  the  gauges. 

Thus  the  principle  is  to  have  F^  "  floating."  Any  up-and-down 
motion  is  communicated  by  screw  W.2  through  frame  Fg ;  while 
horizontal  motions  are  given  by  screw  W^,  the  nut  of  which  is 
connected  to  F^  by  a  pivoted  link.  By  this  mechanism  it  is 
possible  to  move  F^  to  any  desired  place  in  a  vertical  plane  strictly 
parallel  with  L,  while  the  motion  of  the  screws  W^  and  W.^,  even 
if  irregular,  cannot  move  F^  out  of  this  plane.  Provided  the 
surface  plate  L  is  true,  there  would  be  pure  horizontal  and  verticil 
motions  given  to  the  gauges,  clamped  in  F^,  when  the  screws  W^ 
and  W.J,  are  worked. 

L  has  been  scraped  on  the  left  face  twice,  at  intervals  of 
several  months,  since  manufacture,  and  is  probably  true  all  over 
to  r,,ooo  inch.  The  three  studs  S^  S^  S3  are  placed  at  the  angles 
of  an  equilateral  triangle  of  side  8  inches,  so  tluit  the  greatest 
angular  movement  given  to  the  gauge  througli  error  in  the  surface 
plate  would  be  about  cTi'Tjo"  X  -^  X  J  =  '50.000  ^''^^^i'^'^*  '^^^^ 
resulting  error  in  the  gauge  measurement,  being  a  cosine  error, 
would  be  negligible. 

Rotations. — The  frame  Fj  consists  of  three  parts  all  lying  in 
one   plane,  a   main    plate   and    two    concentric   rings.     The  outer 
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ring  Ti  turns  on  horizontal  axles  working  in  bearings  carried 
by  the  main  plate;  while  the  inner  one  T.^  (which  carries  the 
gauges)  turns  on  vertical  axles  which  lie  in  bearings  carried  by  T^. 
Adjusting  screws  are  fitted  to  each  ring  and  serve  both  to  adjust 
and  clamp  these.  The  four  axles  concerned  in  these  rotations  fit 
their  bearings  accurately  and  there  are  tightening  clamps  to 
complete  the  fit.  In  this  and  other  respects  careful  workmanship 
is  required  in  the  manufacture  of  the  gauge-holder,  since  it  is 
necessary  in  measuring  gauges  to  perform  translatory  and  rotatory 
motions  in  cycles,  the  gauge  being  returned  at  the  end  of  a  cycle, 
with  great  exactness,  to  its  position  at  starting.  Also,  the  whole 
system  must  be  rigid,  so  that  any  accidental  jar  given  to  it  will 
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produce  no  permanent  movement.  The  gauge-holder  rests  on  the 
bed  by  five  feet  (K^  K2  K3  are  shown),  thus  having  geometrical 
contact,  with  only  one  degree  of  freedom  (that  is,  along  the  bed). 

(4)  deadstocks. — The  gauges  carried  by  the  gauge-holder  are 
measured  between  micrometer  screws  carried  by  the  uprights  A 
and  C,  Figs.  3  and  5,  Plate  1 0.  These  uprights  will  in  future  be  called 
left  and  right  headstocks.  The  mechanism  and  connections  of  the 
micrometer  screws  have  been  fully  described  in  the  former  Paper 
{}oc.  cit.).  These  screws  are  the  only  parts  of  the  old  machine 
used  in  the  new  one.  Though  the  screws  themselves  are  old,  an 
important  modification  has  been  made  by  the  addition  of  new 
measuring  ends  (see  Fig.  10).  The  divided  circle  of  each  micrometer 
is  now  read  by  a  microscope — a  considerable  improvement. 
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The  right  headstock  bears  on  the  A  of  the  bed  by  three  studs 
and  on  the  horizontal  surface  by  two  more.  This  arrangement, 
which  provides  a  geometrical  slide,  was  chosen  in  preference  to 
that  used  in  the  table  gauge-holder  merely  to  save  space. 

The  left  headstock  is  identical  with  tlie  right  except  that  the 
former  has  in  addition  a  long  girder  support  carrying  a  line- 
standard.  The  standard  rests  on  two  rollers  which  can  be  set 
and  clamped  at  the  Airy  points  (see  Fig.  5,  Plate  10).  Side  screws 
are  arranged  for  setting  the  standard  accurately  parallel  with  the 
run  of  the  bed.  The  graduated  surface  of  the  standard  is  at  the 
level  of  the  axis  of  the  micrometer  screws.  The  microscope  is 
never  moved  nor  touched  in  any  way  during  a  measurement; 
serious  error  in  reading  the  line  standard  would  arise  if  the  axis 
of  the  microscope  were  to  receive  even  a  small  rotation  on  a 
horizontal  axis  perpendicular  to  the  standard.  Such  rotation  is 
liable  to  occur  when,  as  in  most  measuring  machines,  the  microscope 
is  mounted  on  a  headstock,  the  line  standard  being  fixed ;  for 
errors  in  the  bed-surfaces  will  produce  these  rotations.  Or,  again, 
this  rotation  of  the  microscope  might  occur  if  the  microscope  were 
at  all  loose  in  its  holder  in  the  comparator  method  of  work,  where 
the  micrometer  eye-piece  is  handled.  In  the  present  method, 
supposing  the  line  standard  be  set  parallel  with  the  run  of  the 
bed  (an  adjustment  easily  attained),  no  error  of  the  first  order 
can  arise  if  the  bed-surfaces  be  even  moderately  tru».  This  point 
will  be  discussed  in  Section  IV. 

In  order  to  set  the  microscope  accurately  on  a  line  of  tho 
stfindard,  there  is  a  jockey-screw  placed  on  the  left  headstock,  the 
screw  of  the  former  engaging  in  the  headstock.  This  permits  of 
any  movement  to  and  fro  of  the  headstock,  and  scale,  along  the  bed. 
Instead  of,  as  is  usual  in  measuring  machines,  using  tho  micrometer 
eye-piece  of  the  microscope  to  take  up  any  fraction  of  a  unit  of  tho 
scale,  tho  micrometer  screws  of  the  headstocks  are  employed. 
Since  Fig.  5,  Plate  10,  was  tjiken,  tho  measuring  ends  have  been 
supported  })y  a  strong  })rackot. 

(5)  21ie  McaHUrlng  EikIh. — The  new  measuring  end  is  shown  in 
Fig.    10.     In  the  old  machine  the  arrangement  was   simpler   and 
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contact  was  made  at  point  2>i-  In  ^1^6  present  machine,  if  point 
contact  is  to  be  made,  one  either  uses  the  extreme  point  e  or  the 
point  ^3  ;  in  the  latter  case  the  end  piece  MN  is  pulled  off  the 
bar  AB.  For  most  purposes  p^  is  better  than  e  for  point  contact. 
If,  on  the  other  hand,  we  wish  to  measure  with  flat  ends,  the  end 
cap  c  is  pulled  off,  leaving  the  lapped  flat  surface  h  at  the  extreme 
end.  The  brass  tube  PQ  is  coned  to  fit  the  screw  spindle  S,  so  that 
when  pushed  on  the  latter  and  the  clamp  D  adjusted  the  whole 
forms  a  rigid  system.  The  invar  bar  AB  is  made  a  true  fit  in  the 
ebonite  bush  rings  r^  and  r^,  and  is  prevented  from  rotating  on  its 
axis  by  the  cross  pin  7i  n.^,  which  slides  in  the  slotted  brass  tube. 
The  end  of  AB  is  coned,  and  the  coned  end  of  the  fitting  MN  is 
pushed  tight  on  AB,  the  two  parts  being  ground  to  fit.  The  plate 
M  carries  three  pillars  a  (two  shown),  the  far  ends  of  which  hold 
the  plate  UV.  There  are  three  adjusting  screws  d  (two  shown) 
bearing  on  UV,  and  the  ends  of  these  press  against  the  outer  edge  of 
the  end  block  Z.  This  end  block  bears  in  "UV  by  a  ball-and-socket 
joint,  so  that  by  means  of  the  three  adjusting  screws,  equispaced 
round  the  edge  of  Z,  the  end  surface  h  can  be  brought  into  any 
desired  plane.  The  plane  actually  required  is  perpendicular  to  the 
line  of  run  of  the  bed.  The  adjustment  of  this  plane  could  not  be 
attained  with  sufficient  nicety  by  the  mere  motion  of  the  adjusting 
screws,  though  these  are  provided  with  capstan  heads.  But  the 
edge  of  the  end  piece  Z  is  relatively  thin,  so  that  when  the  three 
adjusting  screws  bear  tightly  on  it,  a  small  rotation  of  one  screw 
produces  strain,  and  fine  adjustment  is  attainable.  The  whole 
system,  consisting  of  AB  and  the  end  piece  MN,  is  rigid  and  has 
one  degree  of  freedom,  parallel  to  the  line  of  the  bed.  A  spring  h 
controls  the  system  and  keeps  the  contact  points  p^  and  p.^  about 
J  mm.  apart  normally.  S  is  the  invar  shaft  of  a  micrometer  screw  ; 
suppose  this  screw  is  advanced  to  cause  the  end  of  the  system  to 
meet  a  gauge  surface  on  the  extreme  right  beyond  e.  First  e 
meets  the  gauge,  then  as  the  screw  is  farther  advanced,  contacts 
Pi  and  P2  are  brought  together.  The  meeting  of  p^  and  p2  completes 
an  electric  circuit  consisting  of  a  high  resistance  (say  5,000  ohms), 
a  cell,  switches  and  telephone.     As  soon  as  the  telephone  sounds, 
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the  observer  reads  the  divided  head  of  the  micrometer  screw.  On 
reversing  the  micrometer  screw  the  spring  h  comes  into  action, 
breaking  contjict  'p-^  p^  '"^^^  ^^^^  telephone  again  sounds.  The 
general  method  and  precautions  used  have  been  explained  in 
previous  Papers  {loc.  cit.). 

p  c  P 


Fig.  11. 

The  Circuit  and 
Stuitch. 


BATTERY 


RESISTANCE 
BOBBIN 


TELEPHONE    [--J 


The  advantages  of  the  present  complex  measuring  end  over  the 
older  form  are  : — (1)  Non-metallic  bodies  can  be  measured.  (2)  Heat 
produced  at  the  contacts  is  conducted  into  invar  on  eacli  side  and 
(;ons(;(iuout  thermal  expansion  is  smidl.  (.*})  It  is  most  importjint  to 
have  clear  sounds  made  in  tlie  tel(;[)lione  at  "  mako,  "  jmd  "  break." 
The  accuracy  of  the  method  rests  on  this.  Any  oxides  or  dust  at 
the  contact  produces  "  fuzziness  "  of  sound.     Oxide  is  tlie  principal 
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trouble,  and  as  the  surfaces  jp^  'p^  are  respectively  a  bead  and  plate 
of  iridio-platinum,  this  trouble  is  reduced  to  a  minimum.  It  seems 
strange  that  the  present  system  of  two  mechanical  and  two  electrical 
contacts  should  work  so  much  better  than  the  old  method  which 
had  two  electrical  contacts  only.  Accuracy  has  been  gained,  even 
though  we  have  doubled  the  number  of  links  in  the  system.  (4)  It 
is  easy  to  clean  the  contacts  jj^  and  ^2-  ^  hole  (not  shown)  is  made 
through  tlio  tube  PQ,  so  that  the  rouged  or  clean  leather  can  be 
rubbed  on  the  contacts.  If  the  cleaning  were  performed  on  the 
gauge  surface,  thermal  expansion  troubles  would  arise. 

(6)  The  Sidtcli. — In  Fig.  11  is  shown  the  method  of  connecting 
any  part  of  the  measuring  system  in  the  electrical  circuit.  A 
battery,  resistance  bobbin  (say  5,000  ohms),  and  telephone  are 
joined  to  points  e  and/,  which  are  joined  to  a  non-conducting  switch- 
arm,  shown  joining  points  a  and  a'.  This  arm  moves  on  centre  O 
and  so  connects  in  turn  6Z>i,  cc',  and  del!.  Corresponding  points 
«!  r</,  etc.,  are  joined  up  as  shown.  The  gauge  G  and  the  right  and 
left  contact  ends  P2  and  Pj  are  joined  up  as  shown.  It  is  seen  that 
there  are  four  positions  of  the  switch  ;  the  first  leaves  the  circuit 
open,  whereas  the  other  positions  join  P^  to  G,  P2  to  G,  and  Pj 
through  G  to  P2. 

As  a  rule,  in  making  a  gauge  measurement  h,  V  are  connected, 
and  then  d,  d\  and  then  left  and  right  micrometers  are  read  ;  for  in 
that  position  there  is  exact  electric  touch  made  on  •  each  side  of  G. 
The  switch  connections  are  not  complex  and  when  once  made  need 
not  be  changed.     No  mercury  cups  are  used. 


(Ill)  Materials. 

The  girders  are  of  cast-steel  and  the  bed  of  cast-iron.  Cast-iron 
is  also  used  in  the  base  plates  of  all  the  uprights  of  the  bed,  also  in 
the  greater  part  of  the  micrometer  screw  supports,  the  front  plate 
and  brackets  of  these  supports  being  of  wrought-iron.  The  four 
pillars  of  the  gauge-holder  are  of  steel.  All  the  springs  are  of 
hardened  steel.    Brass  is  used  for  the  micrometer  nut  bearings.    The 
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micrometer  screws  <are  of  silver  steel  and  the  micrometer  nuts  of 
bell-metal.  In  order  to  reduce  thermal  expansion  of  the  exposed 
parts  of  the  measuring  ends,  invar  is  used  on  the  end  of  the 
micrometer  screw,  also  in  the  greater  part  of  the  length  of  the 
measuring  end  as  explained  in  Section  II. 

(IV)  Adjustments  of  the  Machine. 

In  setting  up  the  machine,  first  the  girders  and  bed  were 
installed  parallel  to  one  another  and  level  each  way,  as  shown  by 
the  spirit-level.  Then  the  uprights  were  mounted  on  the  bed,  and 
the  following  adjustments  made  in  the  order  given  : — 

(1)   To  set  the  Axis  of  Collimation  of  a  Telescope  parallel  to  the 

run  of  the  Bed. — Having  levelled  the  standard  carriage  lengthwise 

and  crosswise,  and  set  it  by  eye  as  nearly  parallel  to  the  bed  as 

possible,  mount  a  telescope  on  the  standard  rollers,  making  it  rigid 

by  the  adjusting  screws.     Remove  the  top  plate  of  the  gauge-holder 

and  lift  out  its  slides,  leaving  the  base  and  pillars  and  the  scraped 

upright  plate.     Draw  a  fine  black  cross  on  paper,  attach  it  to  a  wall 

(about  18  feet  away)  and  illuminate  it  so  that  it  is  clearly  seen  in 

the  telescope.     Focus  on  the  cross ;  then  proceed  thus — (a)  Run  the 

carriage  back  6  inches,  the  cross,  though  not  quite  clear,  is  easily 

seen.      Set   the   cross   on    the   cross-wires   by  moving  the   paper. 

(h)  Run  the  carriage  forward  12  inches;  the  cross  is  again  clear 

enough  for  setting.     Suppose  the  image  of  the  cross  is  displaced  on 

account  of  the  last  movement,  adjust  it  to  the  cross-wires  by  moving 

the  paper,     (c)  Next  run  the  carriage  back  12  inches.    If  the  image 

is  displaced  again,  rotate  the  telescope  first  on  a  vertical  axis  and 

then    on    a   liorizontal  axis  perpendicular   to  its  length    to   bring 

the    image    back.     Rep(;at    processes   (h)   and  (c)  till    no    further 

displacement    occurs,    wlu^n    the    adjustment    is    complete.      The 

breadtli  of  tlie  lines  on  the   cross  being   }^   mm.,  and  the  distance 

from  telegraph   to  cross    500  cm.,  the  angular  error  in  setting  is 

about        '        radian,  sur)posing   the    linear  error  in  setting  is  the 

breadth  of  the  line.     Tliis  angular  error  is  negligible. 
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(2)  To  set  the  upright  Surfaeed  Plane  of  the  Gauge-holder 
perpendicular  to  the  run  of  the  Bed. — Set  a  good  plate  mirror  against 
the  upright  plane,  fixing  by  soft  wax  three  equal  steel  bicycle  balls 
between  the  mirror  and  the  plane.  In  this  way  we  have  the  mirror 
surface  parallel  to  the  upright  plane.  Mount  a  cross  formed  of 
white  cotton  thread  on  the  front  of  the  telescope  objective,  keeping 
the  threads  in  place  by  plasticine  and  illuminate  it  by  a  lamp. 
Focus  the  telescope  on  the  image  of  the  cross  as  given  by  the  mirror. 
Proceed  in  the  same  way  as  in  adjustment  (1)  until  the  image 
remains  stationary  in  the  field,  the  adjustments  at  the  ends  of  the 
run  being  made  by  («)  screwing  in  or  out  the  feet  of  the  table  and 
by  (/>)  moving  the  cotton  cross  in  its  own  plane. 

(3)  To  set  the  run  of  the  Micrometer  Screws  parallel  to  the  run  of 
the  Bed. — Clamp  a  microscope  tube  firmly  in  the  gauge-holder  and 
focus  it  on  some  mark  on  the  measuring  end  which  is  well 
illuminated.  Now  proceed  thus — (a)  run  the  screw  back  2  cm.  and 
run  the  gauge-holder  forward  equally  to  counteract  this.  Clamp 
the  gauge-holder  and  focus  again  on  the  measuring  end.  If  a 
displacement  has  occurred,  so  adjust  the  foot-screws  of  the 
headstock  base  that  the  displacement  is  doubled,  (h)  Now  run  the 
screw  forward  2  cm.  and  run  the  gauge-holder  back  till  focus  is  again 
obtained.  Adjust  the  foot-screws  of  the  headstock  till  displacement, 
if  any,  is  reduced  to  nothing.  Repeat  (a)  and  [h)  till  no  further 
displacement  occurs. 

This  adjustment  having  been  made  for  both  micrometer  screws, 
the  measuring  ends  must  be  brought  exactly  end  to  end.  This  can 
be  done  by  adjustment  of  the  foot- screws  without  any  attendant 
rotation,  and  hence  the  preceding  adjustments  are  not  disturbed. 

(V)  Discussion  of  Errors. 

In  general,  absolute  measurements  are  subject  to  larger  errors 
than  comparative  measurements.  This  arises,  in  great  part,  from 
the  well-known  limitations  of  the  microscope  as  a  measuring 
instrument,  and  partly  from  the  large  movements  given  to  the 
measuring  apparatus  in  absolute  determinations.     Under  favourable 
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temperature  conditions  two  gauges  can  be  compared  with  an  error 
of,  say,  0  •  1  micron  on  a  single  reading ;  whereas  in  their 
absolute  measurement  the  corresponding  error  might  be  0*4  micron. 
Errors  in  the  measurements  will  be  considered  under  eight  heads  :  — 

(1)  Bed  Irregnlarilifs. — Let  us  first  suppose  that  the  three  cardinal 
tooled  bed  surfaces  are  true  planes.  The  meeting  line  caused  by 
producing  the  two  sloped  planes  is  an  imaginary  ridge.  In  a 
perfect  bed  this  ridge  would  be  parallel  with  the  centre  line  of  the 
third  (horizontal)  plane  of  the  bed.  In  reality  the  ridge  diverges 
from  parallelism  with  the  centre  line,  both  in  azimuth  and 
inclination.  The  first  divergence  produces  no  angular  movement  of 
the  headstock  when  this  is  moved  along  the  bed,  and  therefore  causes 
no  error ;  the  second  divergence,  however,  does  cause  rotation  on  a 
horizontal  axis,  but  there  is  no  error  therefrom  in  the  absolute 
measurement.  Thus  if  the  three  surfaces  be  true  planes,  no  errors 
arise.  Next  suppose  the  three  cardinal  planes  are  not  true.  As 
the  feet  of  the  headstock  carrying  the  standard  are  given  vertical 
displacements  due  to  bed  irregularity,  the  consequent  rotation  of 
the  headstock  will,  in  some  cases,  cause  errors  in  the  gauge 
measurements.  Suppose  one  foot  of  the  headstock  when  moved 
along  the  bed  drops  distance  x  from  the  original  plane.  If  the 
length  of  the  perpendicular  dropped  from  this  foot  on  the  axis  of 

rotation  of  the  headstock  be  a,  the  rotation  produced  =  — 

Resolve  the  rotation  into  (1)  one  on  a  horizontal  axis  along  the 
bed  ;  (2)  one  on  a  horizontal  axis  across  the  bed.     Tlie  former  does 

not  concern   us.     The  latter  becomes  -?  ,  where  n  depends  on  the 

na  ^ 

dimensions  of  the  system.  The  error  resulting  from  this  rotation 
is  a  double  cosine  error;  (a)  one  cosine  error  ])eing  duo  to 
foreshortening  of  tluj  line-standard  ;  (/>)  the  otlier  being  duo  to 
extra  movement  of  the  micrometer  s(;rew,  acting  in  the  same 
sense  as  (a).     Suppose  the  greatest  length  to  be  measured  is  L,  we 

have  tlie  ciror 

.        2a; 
—  I J  versine 

7W 
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Suppose  the  greatest  error  permissible  to  be  /x/10  (that  is, 
1/10,000  mm.),  it  is  found  on  substituting  values  for  x,  n,  and  a 
from  the  apparatus,  and  taking  L  =  1  metre,  that 

I 

X  =  —   mm. 

30 

This  result  is  obtained  by  supposing  a  displacement  of  that  foot 
of  a  headstock  which  would  produce  the  greatest  value  for  x.  In 
the  other  cases  no  error  of  the  same  order  occurs. 

Thus  it  appears  that  bed  irregularities  must  not  exceed  -r^,j  mm., 
whether  these  be  of  the  nature  of  pits  on  the  surface  or  of  curvature 
of  the  bed  as  a  whole.  No  pits  of  this  depth  are  likely  to  occur,  at 
least  none  would  be  of  such  width  as  the  feet  of  the  headstock. 
But  through  loading  or  ageing,  the  cast-iron  bed  might  conceivably 
be  curved  to  that  extent. 

These  matters  had  to  be  tested.  A  method  of  doing  this  was 
described  by  the  writer  recently.*  Any  irregularity  of  a  plane 
surface  of  more  than  ^^^^^  mm.  can  be  readily  detected  by  two  kinds 
of  surface  tester  described  in  the  above  Paper:  (1)  a  small-foot 
tester  for  finding  out  pits  or  scrape  marks ;  (2)  a  large-foot  tester 
which  has  feet  too  large  to  fall  into  any  small  cups ;  this  form 
would  thus  disclose  general  curvature  of  the  surface.  Headings 
obtained  on  the  three  bed  surfaces  are : — 


1 

A 

B 

Small-foot  Tester. 

Large-foot  Tester. 

58      56  56  55      56      55-5 
56      57  56  55-5  55-5  55 
57-5  57  55  57-5  55      56 

Horizontal  Face 
Near  sloped    ,,   . 
Far  sloped      „   . 

144  144  143  142  144  144 

143  146  144  144  145  144 

144  142  142  144  144  144 

Mean  143-5 


Mean  56-0 


*  Proc.  Koy.  Soc.,  Jan.  1912,  Vol.  86,  page  227. 
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The  unit  in  this  table  is  ^^^,^qq  inch.  The  numbers  in  each  set 
are  in  close  agreement,  though  one  set  differs  from  the  other 
because  the  zeros  of  the  two  are  different,  which  is  of  no 
importiince.  The  results  given  in  A  show  that  such  irregularities 
and  pits  as  exist  in  the  bed  are  of  no  importance. 

In  the  Paper  quoted  (loc.  cit.)  it  is  shown  that  using  the  large- 
foot  tester  we  can  obtain  the  reading  of  the  ideal  true  plane.  In 
the  above  instrument  this  reading  is  56  •  5.  The  greatest  departure 
from  the  value  in  Table  B  is  1*5  unit.  But  we  are  considering 
curvature  of  the  surface,  and  taking  the  first  line  we  have 
consecutive  errors  4-1*5,  —0-5,  —  0*5,  —1*5,  —0*5,  —1*0, 
adding  the  last  five  we  obtain  a  cumulative  error  —  4*0.  The 
first  reading  shows  convexity  of  surface  but  the  last  five  are  all 
concave,  and  the  departure  from  true  plane  is  ^Jy  mm.  =  j-J^  mm. 

During  the  above  measurements  the  heavy  left  headstock  was 
moved  about  on  the  bed  and  the  greatest  resulting  change  in  the 
readings  was  1  unit.  Thus  it  is  established  that  there  are  no  pits 
or  curvature  of  the  bed  surfaces  of  any  account.  No  doubt  the 
latter  result  is  attributable  to  the  great  strength  of  the  bed  and  to 
the  action  of  the  side  girders. 

(2)  The  Irregularities  of  the  Surface-j)lane  of  the  Gauge-holder. — 
The  Johansson  gauges  have  faces  which  aro  truly  plane  and 
parallel  to  about  yTToTo^o  ^^^^^'  '-T^^is  is  established  by  the  readings 
given  in  Section  YI.  If  the  surfaced  planes  of  the  gauge-holder 
were  true  to  the  same  figure,  and  also  if  the  translatory  movements 
of  the  gauge-holder  took  place  without  any  loose  play,  we  should 
obtain  readings  for  one  face  of  a  gauge  which  would  be  regular  to 
about  ^.Voo  iiich.  But  such  is  far  from  the  case,  and  the  want  of 
regularity  gives  us  an  indication  of  the  truth  of  this  upright 
surfaced  plane.  Tlius,  as  an  example,  consider  Tables  1  (l)age  G04). 
Plot  a  curve.  Fig.  12,  connecting  readings  at  places  1,  2,  3,  4  in 
column  1  with  i)laces  on  the  gauge  and  obtjiin  curve  I.  Do 
likewise  for  places  5,  (>,  7,  and  again  for  jtlaces  8,  1),  10,  11,  and 
so  obtain  curves  TI  and  ill. 
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The  numbers  are  grouped  as  above  because  the  members  of  each 
group  are  equispaced  on  a  straight  line  on  the  gauge  surface  {see 
recttingular  diagram  on  Fig.  15,  page  606).  If  the  gauge  surface  and 
the  gauge-holder  upright  surface  were  ideal,  and  if  no  loose  play 
occurred  in  the  apparatus,  these  curves  would  be  coincident  straight 
lines  which  would  be  horizontal  if  the  setting  were  perfect.  The 
actual  vertical  departure  from  linear  is,  taking  readings  three 
at  a  time,  0-7,  0*9,  0*5,  0-6,  0-7  micron.  Taking  the  greatest 
number  we  find  the  error  to  be  about  ^^^  mm.  This  is  due  to 
defective  surfaced  plane  and  loose  play  (for  the  small  gauge  surface 
has  a  higher  order  of  accuracy). 

The  movement  of  — ^ —  mm.  by  the  gauge  surface  involves  an 

1,100  -^  o       o 


158   -, 


Fig.  12. 


154 


angular  movement  of  the  gauge  of,  at  worst,'  . .  ^  ^  ^  radian.  The 
versine  of  this  angle,  which  shows  the  error  in  measuring  the 
gauge,  is  a  negligible  quantity. 

Thus  no  appreciable  error  arises  from  defective  workmanship 
on  the  translatory  movements.  The  irregular  appearance  of  the 
numbers,  in  columns  2  and  3,  Table  1  (page  604),  is  misleading,  for  we 
read  both  headstocks,  and  by  adding' results,  the  linear  error  found 
above  vanishes,  while  the  angular  error  is,  as  shown,  insignificant. 

(3)  Temperature. — The  room  in  the  Metrology  Section  of  the 
National  Physical  Laboratory,  in  which  measurements  were  made, 
is  arranged  to  have  steady  temperature.  The  four  walls  are 
separated    from    the    outer    walls    by  air-passages   and    by  rooms. 
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tlie  tempercature  of  these  outer  spaces  being  kept  as  steady  as 
possible.  The  glass  ceiling  also  is  separated  by  a  large  air-space 
from  the  glass  roof.  Under  favourable  conditions  the  temperature 
of  the  air  surrounding  the  measuring  machine  would  not  vary 
0*1°  C.  during  the  time  taken,  say  1  hour,  in  any  complete  set 
of  measurements.  The  temperature  of  the  gauges  and  of  the 
various  parts  of  the  machine  would  lag  behind  that  of  the 
surrounding  air ;  the  massive  parts  especially  would  be  slow  in 
taking  up  temperature  changes.  The  greater  the  lag,  the  less 
will  the  errors  be  due  to  temperature.  The  gauges  themselves 
being  exposed  and  relatively  small,  it  is  found  advisable  to  wrap 
them  in  layers  of  flannel  and  insert  a  thermometer  bulb  between 
flannel  and  gauge  ;  delicate  comparative  work  (e.g.  Tables  3  and  4  on 
the  3 -inch  gauges,  pages  608-9)  would  be  otherwise  impossible  except 
with  short  gauges.  A  gauge  4  inches  long  changes  length  0  •  1  //, 
for  temperature  change  0*  1°  C. ;  so  that  small  temperature  latitude 
is  allowable  (a  =  micron  =  — ^—    mm.).     In  the  extreme  case  of  a 

^^  1,0  0  0  ' 

1 -metre  gauge,  change  in  length  O'l  /a  occurs  for  0*01°  C,  so 
accuracy  in  such  a  case  is  impossible  as  a  rule,  unless  the  complete 
operation  of  measurement  is  done  in  short  time.  The  only  exposed 
parts  of  the  machine  itself  which  are  not  massive  are  the  measuring 
ends  of  the  micrometers,  and  these  have  invar  in  some  places  and 
felt  wrapping  in  others,  so  as  to  render  temperature  errors 
negligible. 

(4)  Calibration  Errors  of  Micrometer  Screivs. —  In  the  previous 
Paper  *  is  given  the  process  of  calibration  of  these  screws  by  an 
optical  interference  method.  Over  a  whole  millimetre  the  greatest 
departures  anywhere  from  truth  of  the  face  value  of  the  readings 
are  -f  0'  28  /x  .iiid  —  0  •  20  /x.  'I'liis  indicates  the  order  of  tlie  possible 
i'AVov  in  tlie  sci(!\v  readings.  Error  of  jij)pr('ciabU!  amount  only 
arises  when  the,  lun  of  ilu!  s(!i(!\v  amounts  to  several  microns.  In 
comparison  work,  wliero  the  lengtlis  compared  agree  closely,  it  is 
n(;gligib](^ 

♦  Proc.  Hoy.  Soc,  190G  A.,  Vol.  77,  page  351. 
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(5)  Microscope  Beadings. — The  microscope  used  is  one  of  the 
quality  usual  in  comparator  work  (magnifying  power  about  35). 
The  accuracy  of  the  readings  depends  on  the  quality  of  the 
microscope,  and  also  very  much  on  the  smoothness  of  edge  of 
the  ruled  lines.  For  the  invar  scale  and  microscope  used,  five 
consecutive  readings  taken  on  the  left  micrometer  screw  were 
in  microns  ( =  — i- —  mm.)  : — 

^  1.000  '' 

331-6  332-0  331-2  331-4  331-6 

The  process  in  each  case  consisted  in  moving  the  left  headstock  till 
a  certain  line  was  set  under  the  microscope  and  then  adjusting  the 
measuring  end  to  contact  with  a  gauge  surface.  In  this  way  the 
only  errors  will  be  due  to  microscope  and  scale.  The  difi'erences 
above  are  twice  as  great  as  would  be  the  case  for  a  very  well-ruled 
standard. 

(6)  Calibration  Errors  of  the  Line  Standards. — The  lines  on  the 
invar  standard  have  been  calibrated,  and  in  any  absolute  work 
account  is  taken  of  these  errors.  Thus,  in  determining  the  absolute 
length  of  the  1-foot  standard,  the  error  between  the  lines  chosen  is 
about  9  /x. 

(7)  Irregularities  of  the  Measuring  End  Surfaces. — The  faces  of 
the  flat  measuring  ends  must  be  true  to  a  high  degree.  Scraping 
is  not  suitable,  but  the  following  dual  process  is  successful.  After 
the  "  ends  "  are  machined,  prepare  a  brass  surface  plate,  (a)  Spread 
on  the  brass  fine-washed  emery  having  no  grit.  Rub  the  "  end  "  on 
the  brass,  avoiding  tilting  movement.  Clean  the  "  end  "  with  rouge 
paper  and  place  on  it  an  optically  true  glass  plate ;  interference 
bands  will  appear.  They  will  be  concentric  curves  if  rubbing  has 
been  long  continued ;  (h)  clamp  the  "  end  "  in  a  vice  with  face  up. 
Take  a  small  rod  with  chisel  end,  wrap  on  it  rouge  paper,  several 
layers  thick,  bent  up  at  the  end  to  form  a  wad.  Serve  the  wad 
with  fine  washed  emery  and  oil.  Rub  the  wad  on  the  "  end  "  face, 
applying  equal  circular  motion  to  all  parts  except  the  edges.  Clean 
the  surface  with  rouge  and  test  with  the  optical  glass.     The  bands 
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Avill,  if  the  process  has  been  long  enough,  be  concentric  curves,  but 
in  this  case  the  edge  is  the  highest  part  of  the  surface.  Process  (a) 
tends  to  make  the  surface  convex,  whereas  (h)  makes  it  conceive, 
and  by  using  them  alternately  a  flat  surface  is  obtained.  In  the 
later  stages  fine  washed  rouge  free  from  grit  is  used  in  place  of 
emery.  The  surfaces  must  be  left  slightly  convex  rather  than 
concave,  for  in  the  latter  case  there  would  be  a  direct  error  in 
certain  absolute  measurements.  The  appearance  of  the  rings  on 
the  finished  ends  is  given  in   Fig.  13.     The    actual  colour  of  the 


Fig.  13. — Measuring  Ends. 
Left  "  erid:'  Right  "  end.'' 


centre  dei)ends  on  the  size  of  dust  particles  which  happen  to  be 
enclosed  between  the  glass  and  metal  surfaces.  It  will  be  seen  that 
while  both  surfaces  are  good  the  right  "  end  "  is  best,  as  it  has  a 
larger  central  coloured  area.  'I'Ik;  departure  from  flat  over  nearly 
the  whole  of  the  areas  of  each  is  |-  wave  hsngtli,  say  0-2  micron  at 
most.  The  error  resulting  from  this  in  comparative  and  absolute 
work  would  1m^  lu^gligibh^  as  both  surfaces  arc;  convex  slightly. 


(8)   Troubles  alicudiiKj  the  Fjlcdric  Contact  Method. — It  is  easy,  if 
preciiutions  arc  kiken,  to  repeat  readings  to  0*05  /x ;  but  neglect  of 
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care  may  reduce  the  sensitiveness  to  0  •  3  /x.  If  when  contact  is 
made  the  sound  in  the  telephone  is  faint  or  ill-defined,  the  fault 
generally  lies  either  at  the  mechanical  contact  or  at  the  electric 
contact,  and  the  right  procedure  is : — (a)  clean  the  electric  contacts 
of  iridio-platinum  by  rubbing  with  wash-leather  served  with  rouge, 
and  finally  with  clean  cotton  fabric ;  (h)  clean  the  mechanical 
contacts  with  clean  cotton  to  remove  dust.  The  contact  sounds 
should  now  be  sharp,  the  make  and  break  occurring  at  an  interval  of 
not  more  than  0*l/x.  The  readings  taken  may  be  either  always  for 
"  make  "  or  always  for  "  break,"  but  not  indiscriminately.  "  Make  " 
is  preferable. 

In  using  flat  ends,  dust  particles  may  at  any  time  settle.  They 
act  as  buflfers,  rendering  the  contact  soft  and  uncertain.  This  is 
inevitable  and  is  one  evil  of  the  flat-ended  measuring  surface,  but 
cleaning  is  easily  done.  The  presence  of  dust  would  not  be 
detected  in  the  ordinary  measuring  machine ;  it  would  be  observed 
at  once  in  the  electric  machine,  a  point  further  to  the  advantage  of 
the  latter  method. 


(YI)  Actual  Measurements. 

In  order  to  show  the  method  of  measuring,  suppose  it  is  desired 
to  compare  two  gauges  A  and  B.  They  are  inserted  in  the  gauge- 
holder  and  clamped  tight  with  packing  pieces,  setting  the  left 
surfaces  to  lie  approximately  in  one  plane.  Wrap  the  gauges  in 
flannel,  insert  a  thermometer  and  leave  them  to  attain  temperature 
equilibrium. 

Set  gauge  A  thus :  bring  up  the  left  micrometer  contact  to 
touch  the  near  side  of  the  gauge  face  and  take  the  reading  R^. 
Withdraw  the  contact  point,  translate  the  gauge  horizontally,  make 
contact  on  the  far  side  of  the  gauge  face  and  take  the  reading  R2- 
In  general  R^  will  differ  from  R^.  The  object  is  to  make  these 
readings  identical.  This  is  attained  by  means  of  the  adjusting 
screws  (see  Section  II,  Part  3,  page  584),  in  the  course  of  a  few 
minutes.  Next  translate  the  gauge  and  make  contact  on  the 
bottom    of    the   gauge-face   and   obtain    reading    R3.      Translate 
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vertically,  make  contact  on  the  top  side  of  the  face  and  obtain 
reading  R^.  Use  the  adjusting  screws  till  Rg  and  R4  are  equal. 
Try  readings  K^  and  R^  ^g'^^in,  to  see  if  that  adjustment  has  been 
upset,  and  finally  get  R^  R2  Ro  R4  in  agreement  within  1  micron 
of  one  another.  Gauge  A  is  then  set.  Readings  are  taken  on  it 
as  follows : — 

Let  the  rectangular  figure  represent  the  left  face  of  the  gauge 
(Johansson  in  this  case).  Mark  off  eleven  places  on  the  face 
regularly  spaced  as  shown.      Enter  these   in   column   1,   Table   1. 


far 


Fig. 

14. 

top 

4 

7 

11 

3 

6 

10 

2 

5 

9 

1 

S 

bottom 

Translate  the  gauge  till  place  1  is  opposite  the  left  contact  end. 
Take  a  reading  there  and  enter  it  at  the  top  of  column  2  (157*3). 
luring  up  the  right  contact  point  to  the  right  face  of  the  gauge. 
Take  a  reading  there  and  enter  it  at  the  top  of  column  3  (352*4). 
Add  the  two  readings  and  enter  the  result  at  the  top  of  column  4 
(509  *  7).  Proceed  in  this  way  for  all  eleven  places  on  the  gauge 
face,  obtaining  the  set  of  numbers  in  column  4. 

Repeat  the  whole  process  three  times,  the  outcome  of  the  whole 
l>eing  columns  4,  7,  10,  l.'J.  The  arithmetic  means  for  each  j^laco 
on  the  gauge  are  given  in  column  14. 

(h\  comparing  tlie  results,  we  find  tlie  differences  (0*35  /x) 
between  results  in  each  column  to  be  greater  than  tlie  diflerences 
between  one  column  and  another  for  the  same  place  on  the  gauge. 
As    far   as   columns  4,   7,    10,    13,  are    concerned,    consistency  in 
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a  vertical  direction  implies  regularity  in  the  gauge ;  whereas 
consistency  in  a  horizontal  direction  shows  accuracy  in  the 
measuring  apparatus  as  a  whole.  From  the  above  figures  we  see 
that,  at  least  in  this  Table,  the  measuring  machine  is  more  regular 
in  action  than  the  gauge  its  constant  in  length  along  different 
parallel  lines.  Subsequent  tables  of  measurements  support  this 
view.  The  most  irregular  results  are  for  place  No.  1.  They  are 
509-7,  509-95,  509-7,  509-9.  The  greatest  difference  here  is 
0*25 /x.  There  are  several  possible  contributors  to  this  error: — 
(1)  Backlash  of  the  screw;  (2)  loose  working  of  the  translations 
or  irregular  surface  of  the  upright  plane,  whereby  the  gauge  might 
receive  a  small  rotation  before  returning  to  its  starting  place ; 
(3)  error  in  reading  the  contact;  (4)  thermal  expansions  in  the 
gauge  or  in  the  machine ;  (5)  irregularity  of  surface.  A  small 
depression  or  pit  might  occur  here  and  there  on  the  surface.  Of 
these  factors  experience  on  the  machine  shows  that  (1)  and  (3)  are 
negligible,  whilst  (4),  if  existent,  would  probably  be  progressive, 
which  it  is  not.  Thus  only  factors  (2)  and  (5)  remain  ;  the  first  is 
due  to  irregularity  of  the  upright  plane,  and  the  second  due  to 
irregularity  of  the  gauge  faces. 

A  scraped  surface  of  the  first  quality  would  probably  have 
depressions  of  at  least  0-5 /x.  The  error  in  the  gauge  length 
resulting  from  this  would  be  negligible.  A  well-lapped  surface, 
such  as  the  face  of  a  Johansson  gauge,  has  very  small  pits  or  grooves. 
It  is  uncertain  how  much  they  would  affect  present  results. 

Before  leaving  Table  1  it  may  be  noticed  that  the  results  in 
column  14  are  grouped  in  brackets  ;  each  bracket  contains  places 
equispaced  in  straight  lines  along  the  length  of  the  gauge  [see 
rectangular  diagram,  Fig.  14),  the  numbers  are  seen  to  advance  in 
the  same  sense.  Thus  the  gauge  proves  to  be  slightly  thicker  at 
bottom  than  at  top  and  thicker  on  the  far  side  than  on  the  near 
side. 

Having  set  and  measured  gauge  A,  proceed  on  the  same  lines 
with  gauge  B.  Suppose  this  is  a  1-inch  gauge  made  by  wringing 
together  three  Johansson  components  (0-400  m.,  0-350  m., 
0*250  m.).     The  results  are  in  Table  2.     It  will  be  seen  that  this 
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composite  gauge,  like  the  simple  one,  lias  measurable  errors, 
somewhat  larger  than  for  the  simple  one.  The  results  in  Table  1 
are  expressed  graphically  in  Fig.  15.  The  vertical  line  on  the 
extreme  left  stands  for  place  1  on  the  gauge,  the  readings  for  which 
range  from  509*7  to  509  "95.  The  next  vertical  line  stands  for 
place  2,  the  readings  ranging  from  509*8  to  509*9,  and  so  on. 
Thus  the  length  of  a  vertical  line  is  inversely  as  the  accuracy  of  the 
machine  readings  at  any  place  on  the  gauge.  Tt  is  evident  that, 
while  the  errors  of  the  machine  average  out  about  0*13  micron, 
the  errors  of  the  gauge  are  distinctly  greater,  namely,  0*24 
micron. 


Fig.  15. 
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The  mean  result  in  Table  1  is  509*93.  It  docs  not  indicate  the 
length  of  the  gauge,  but  is  merely  the  sum  of  tlic  two  headstock 
readings  as  these  happen  to  lie  on  tlio  Ixul.  Again  in  Table  2  the 
mean  result  happens  to  be  834  *  00  and  was  obtained  after  the  two 
headstocks  liad  been  moved  from  the  position  for  Table  1.  Hence 
there  is  no  correspondence  between  tlie  results  in  the  two  cases. 

The  results  in  Tal)lcs  1  and  2  can  be  shown  graphically 
{sac  Figs.  16  and  17).  Tlie  ordinates  are  results  in  microns  as 
given  by  the  hist  columns  of  the  tables.  The  abscissa?  sliow 
different  places  in  the  gauge,  tliese  being  marked  on  the  curves 
obtained.     The  results  are  grouped,  as  explained  above,  in  three 
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parts,  each  part  representing  readings  along  a  straight  line  on  the 
gauge  face.  Thus  places  1,  2,  3,  4  are  one  line,  while  5,  6,  7  and 
8,  9,  10,  11  lie  on  parallel  lines  on  the  gauge  face.  For  a  perfect 
gauge  (presuming  no  errors  in  the  machine)  the  three  curves  would 
merge  into  one  horizontal  straight  line.  The  following  conclusions 
are  obtained  from  an  inspection  of  these  curves.  (1)  The 
combination  gauge  is  in  general  more  irregular  than  the  simple 
gauge,  the  extreme  diflerences  being  0*37/>t  and  0*24/x  respectively. 
(2)  The  far  side  of  the  gauge  has  smaller  values  (i.e.  the  gauge  is 
there  longer)  than  the  near  side.  (3)  The  centre  line  (5,  6,  7)  is 
intermediate   between   the   near   and    far   lines.     Another   set   of 
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graphs,  Figs.  18  and  19  (page  610),  is  given  for  the  3-inch  gauges 
(see  Tables  3  and  4),  simple  and  composite.  The  same  general 
features  as  in  the  1-inch  gauges  are  observed. 

Consider  the  errors  incident  to  using  Johansson's  method  of 
composite  gauges.  Suppose  the  three  components  in  the  above 
case  are  all  wedge-shaped  by  an  equal  small  angle.  The  composite 
gauge  may  have  (by  a  1  in  4  chance)  a  trebled  wedge  angle ; 
whereas  the  chances  are  3  to  1  that  the  composite  gauge  is  no 
more  wedge-shaped  than  the  components.  And  so  on  for  gauges 
wrung  from  any  number  of  components.  But  there  is  a  more 
serious  error  which  arises  from  dust  particles  included  between  the 
components.     It  is  difficult,  after  cleaning  the    parts   thoroughly, 
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to  wriDg  together  so  carefully  as  to  exclude  dust.  No  doubt 
much  dust  would  prevent  wringing  together ;  but  a  smaller 
amount  included  will  not  prevent  the  components  holding  one 
another  strongly.  In  some  cases,  one  has  found  a  wedge-shaped 
interval  differing  in  thickness  at  the  ends  by  3  />i  or  4  /x,  though  after 
more  careful  cleaning  and  wringing  this  difference  was  reduced  to 
0  •  2  /x,  which  is  the  probable  error  in  the  gauge  itself.  The  ordinary 
measuring  machine  is  less  likely  to  observe  this  error  than  the 
electrical  machine  for  two  reasons  :  (1)  The  former  is  about  one- 
third  as  sensitive  as  the  latter  ;  (2)  The  former  a})plies  such  large 


Fig.  18. 
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forces,  say  3  lb.  or  more,  as  would,  during  measurement,  flatten  out 
the  dust  particles ;  whereas  in  the  electrical  machine  the  pressure 
used  is  minute. 

In  this  connection  we  may  observe  how  the  actual  length  of 
simple  and  composite  gauges,  of  tlie  same  face  value,  compare  with 
one  another.  Whenever  this  comparison  is  made  the  process 
adopted  is  to  "  set "  one  of  them,  make  a  complete  test  as  shown  in 
the  above  tables,  and  note  last  of  :ill  the  readings  for  tlie  gauge 
centre.  The  other  gauge  is  then  set  and  the  rc^adings  for  its  centre 
noted.  In  this  way  it  sliould  Ikj  possible  to  avoid  temperature 
errors  and  oljtiiin  comparison  accurate  to  at  least  0*2  /x. 

Some  results  follow  : — 
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TABLE  5. 

Johansson^ s  Gauges. 


Gauges. 

L 

R 

L-f  R 

a  —  h 

4-inch       ..... 

•i-iucb  combination  <1            t    • 

(a) 
(&) 

182-7 
92-0 

107-5 
197-9 

290-2 
289-9 

0-3  u 

3-inch 

{a) 

241-1 

480-6 

721-7 

lo-45/i 

3-inch  combination  <1      0"65>    . 

{^) 

558-0 

163-25 

721-25 

2-inch        .          .         .          .          . 

{a) 

101-0 

496-6 

597-6 

0-6/i 

2-inch  combination  <Cr     0-70>    . 

(b) 

131-0 

466-0 

597-0 

1-inch        .         .         .          .          . 

^0-40^ 

1-inch  combination <L      o-^b}    . 

(a) 

637-8 
359-25 

197-0 

475-3 

834-8 
834-55 

0-25^4 

IX  —  micron  =  ^ J(jo  iiii^- 

As  stated  before,  a  greater  value  of  L  +  R  denotes  shorter  gauge 
length.  Thus  the  combination  gauge  is  in  all  four  cases  longer 
than  the  simple  one  by  an  amount  considerably  greater  than  the 
experimental  error.  This  difference  cannot  be  attributed  to 
heating  during  the  wringing  process,  since  the  latter  was  performed 
hours  before  comparison  was  made.  So  one  supposes  that  dust  and 
the  included  air-film  account  for  the  observed  differences. 

Mr.  Budgett  *  finds  that  gauges  adhere  when  wrung  together 
on  account  of  the  molecular  attraction  of  the  liquid  film  between 
them.  Tlie  gauges  no  doubt  touch  one  another  on  an  area  which 
is  a  small  percentage  of  the  whole  face,  and  this  film  lies  in  the  gaps 
left  where  the  two  gauge  surfaces  are  not  in  actual  contact.  Thus 
the  film,  if  free  from  solid  particles,  has  no  effect  on  the  point 
under  discussion ;  it  will  not  add  to  the  total  thickness  of  a 
composite  gauge. 


*  Proc.  Roy.  Soc,  1911  A.,  Vol.  86. 
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The  Tables  so  far  given  refer  to  Johansson  gauges.  A  set  of 
English -made  standards,  from  1  inch  to  12  inches  was  available. 
These  are  bars,  square  in  section  with  bevelled  edges.  The  ends  are 
coned  and  then  worked  down  till  the  required  gauge  length  is  obtained. 
Some  tables  of  comparison  of  these  witli  one  another  are  given. 

The  end  faces  of  these  gauges  are  circular  and  about  ^  inch  in 
diameter.  The  positions  of  places  on  the  gauge  surface  are  shown 
in  Fig.  20,  place  3  being  central.     The  Tables  show  that  in  No.  1 

■   Fig.  20. 


(1-inch),  place  8  has  the  highest,  places  5  and  G  the  lowest  results; 
whereas  in  No.  2,  place  9  has  the  highest,  and  places  4  and  7  the 
lowest  results.  The  greatest  differences  are,  for  No.  1,  1*2  jm; 
for  No.  2,  1-45/x. 

On  comparing  these  two  gauges  at  their  centre  points  (places  3) 
we  find  close  agreement,  the  difi'erence  being  0'15/x.. 

Thus,  these  gauges  compare  with  one  another  well  at  their 
centres  and  may  possibly  be  accurate,  at  these  places,  in  absolute 
length,  but  the  end  faces  are  far  from  being  true  parallel  planes. 

The  greatest  differences  in  Tables  8  and  9  amount  to  0  *  4  /x  for 
No.  1  and  to  1-5  fx,  for  No.  2.  At  the  centre  points  the  gauges 
differ  by  0*2  /x  only. 

Comparison  was  also  made  between  two  12-inch  gauges;  but  in 
this  case  only  fiv(;  places  were  taken,  as    shown    in    the  Fig.   21, 

Fig.  21. 
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place  2  being  central.     In  the  case  of  such  long  bars,  special  care, 
see  Section  V,  must  be  taken  to  reduce  temperature  errors. 

The  greatest  differences  amount  to  0*6 /x  for  No.  1,  and  to 
0*7 /x  for  No.  2.  These  are  less  than  for  the  1-inch  and  2-inch 
bars  of  the  same  make,  but  in  the  cases  of  the  shorter  bars  nine 
readings  in  all  were  taken,  some  nearer  the  edge  than  in  the  present 
instance.  This  would  account  for  the  apparent  greater  uniformity 
in  the  present  case.     In  the  case  of  long  gauges,  wdien  the  faces  are 


Fig.  22. 

Diagram  to  shoio  how  Absolute  Measurement  can  he  made 
ivith  Point  Contact. 

d 


1  INCH 


a 


m>   M3 


c 


qM.     mi 


small,  as  in  this  make,  it  is  impossible  to  obtain  the  full  complement 
of  readings  unless  the  faces  are  quite  perpendicular  to  the  length  of 
the  bar.  Hence  only  five  are  taken  in  this  instance.  After  all  the 
above  readings  were  taken  for  No.  1,  it  was  measured  at  the  centre 
point.  No.  2  was  then  set  and  immediately  it  was  measured  at  the 
centre  point.  The  following  Table  shows  exact  agreement  between 
gauges  No.  1  and  No.  2  within  experimental  errors : — 


L 

R 

100-4 
529-2 

L4-R 

No.  1 
No.  2 

448-8 
20-0 

549-2 
549-2 
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Absolute  Length. — After  the  above  readings  on  the  12-inch 
gauges  one  of  them  was  measured  absolutely  against  the  line 
standard  as  follows.  Set  the  line  standard  at  some  line  under  the 
microscope,  and  let  the  reading  be  m.  Make  contact  at  the  centre 
points  of  the  gauge  faces  and  let  the  readings  of  left  and  right 
headstocks  be  L  and  R.  Remove  both  12-inch  gauges  and 
substitute  in  the  gauge-holder  a  short  Johansson  gauge,  say  1  inch, 
having  wrung  on  one  face  a  thin  Johansson  slip,  say  0*1  inch,  as 
shown.  Fig.  22.  Adjust  the  face  of  the  slip  to  be  perpendicular  to 
the  run  of  the  bed  (see  Section  VI).  Unclamp  the  gauge-holder 
and  run  it  to  the  right  along  the  bed,  till  the  right  contact  nearly 
touches  the  slip.  Unclamp  the  left  headstock  and  run  it  along  the 
bed  till  it  is  nearly  in  contact  with  the  slip.  Set  a  line  of  the  line 
standard  under  the  microscope  and  let  the  reading  be  m^.  Make 
contact  of  the  left  measuring  end  on  the  slip,  call  the  reading  a. 
Make  contact  of  the  right  measuring  end  on  the  slip,  call  the 
reading  b. 

Translate  gauge  and  slip  across  and  take  contact  reading  c. 
Remove  the  slip  and  make  contact  on  the  1-inch  gauge,  reading  d. 

Thus  the  left  headstock  has  moved  as  a  whole  (w^  —  m^).  Add 
to  this  (L  —  a)  -|-  (R  --  6)  -f  (c  —  d),  and  we  have  the  length  of  the 
12-inch  gauge.  This  roundabout  way  of  measuring  is  necessary 
(when  we  use  point  contacts),  since  it  is  practically  impossible  to  be 
sure  that  when  the  right  and  left  measuring  ends  are  run  into 
contact  their  extreme  points  meet. 

The  following  results  are  obtained  (the  units  are  microns) : — 


Set  A. 

SetB. 

L    =     28816-5 

L    =    28816-5 

R    =    29609-4 

R    =    29609-8 

mi  =  483000 

mi  =  483000 

m.,  =  181000 

m.,  =  180000 

a     =    30826-5 

a     =    29826-6 

b     =    29145-9 

b     =    29145-1 

c     =    29133-1 

c      =    29154-5 

d     =    30403-2 

d     =    30424-5 

temp.  18-2° 

temp.  18-2° 
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Length  (at  18-2°)  =  (m,  -  m,)  +  (L  -  a)  +  (R  -  ?>)  +  (c  -  d). 
This  comes  to  : — 


Microns. 

1 

Set  A      . 

Set  B .*         ; 

Difference       ...... 

304S1G-G 
304815-3 

1-3 

This  example  shows  that  consistency  is  possible  by  this  method. 
If  the  actual  length  were  desired  we  should  apply  corrections  for 
the  errors  of  each  micrometer  screw,  also  for  calibration  errors  of 
the  scale,  also  for  thermal  expansion  to  reduce  to  standard 
temperature. 

Later  a  more  convenient  method  of  absolute  measurement  will 
be  given,  but  if  the  measuring  ends  are  points,  the  above  appears 
to  be  the  simplest  accurate  method. 

In  the  present  machine  electric  contact  is  not  made  (as  in  the 
former  machine)  at  the  measuring  end  {see  Section  II) ;  therefore 
it  is  easy  to  measure  a  non-conducting  gauge  or  other  body.  A 
glass  plate,  whose  two  surfaces  were  optically  worked  and  supposed 
to  be  parallel,  was  tested  with  results  following : — ■ 


TABLE  12. 
A  Glass  Plate,  opticalhj  worlced. 


Places. 

L 

R 

L  +  Il 

1       ^ 

R 

L-f-R 
433-2 

Means. 
433-15 

1 

155-2 

277-9 

433-1 

155-4 

277-8 

2 

155-1 

278-1 

433-2 

155-0 

278-4 

433-4 

433-3 

3 

155-1 

278-0 

433-1 

154-9 

278-4 

433-3 

433-2 

4 

157-0 

275 -IJ 

432-9 

15G-4 

277-0 

433-4 

433-15 

5 

15G-8 

27G-3 

433-1 

15G-G 

27G-8 

433-4 

433-25 

G 

155-3 

277-0 

433  •  2 

155-7 

277 -G 

433-3 

433-25 
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Mcamiroiicnt  icilh  Flat  Ends. — All  measurements  described  so  far 
have  been  made  with  point  contjict,  which,  though  the  best  method 
for  parallel-ended  bars,  is  not  convenient  in  many  cases  of 
comparative  and  in  all  cases  of  absolute  measurement. 

The  usual  commercial  measuring  machine  has  flat  measuring 
ends ;  but  it  should  be  possible  to  do  much  better  measuring  with 
flat  ends  in  the  present  machine  than  in  the  usual  machine  for 
several  reasons. 

The  measuring  ends  are  seen  in  Fig.  10  (page  587),  the  end  piece 
MN  is  ground  to  fit  the  bar  AB,  and  so  rests  firmly  in  position, 
while  there  is  a  bushed  guide-plate  g,  through  which,  with  a  close 
fit,  the  left  end  of  MN  passes. 

As  g  is  firmly  supported  by  a  strong  bracket  fixed  to  the 
headstock  the  whole  projecting  measuring  end  is  kept  in  position. 

Before  commencing  a  measurement  the  flat  ends  must  be 
adjusted.  A  contact  rod  having  a  rounded  point  is  fixed  to  the 
gauge-holder,  so  as  to  project  towards  the  flat  end.  When  the 
translatory  movements  are  given  to  the  table,  the  contact  moves 
over  face  h,  and  it  is  easy  by  electric  contact  to  observe  if  this  face 
is  "  square."  If  not,  the  three  screws  d  are  worked  in  or  out  till 
that  condition  is  attained.  Similarly  for  the  other  flat  end,  and 
thus  we  have  two  flat  ends  set  plane  and  parallel,  to  known 
accuracy.  The  above  adjustment  is  supposed  to  be  made  once  for 
all,  but  when  special  accuracy  is  desired  it  is  easy  to  readjust. 

Next,  the  gauges  to  be  measured  are  inserted  in  the  gauge- 
holder  clamps  and  adjusted  to  squareness,  and  the  actual 
measurement   then   proceeds  as    described    before.       A    few   cases 

follow  : — 

TABLE  13. 

l^-inch  Cylinder  (Brown  and  Sharps).. 


'  Places. 

1 

L 

R 

L-f  R 
828-7 

L 

R 

L-j-R 

Means. 

1 

490-0 

338-7 

1 
486-9 

342-0 

828-9 

828-8 

2 

490-2 

338-5 

828-7 

488-0 

340-7 

828-7 

828-7 

3 

488-4 

340-5 

828-9 

1  486-0 

342-8 

828-8 

828-85 
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TABLE  14. 
1^-inch  Cylinder  (English  Make). 


Places. 

1 

L 

R 

L  +  R 

L 

R 

L  +  R 

Means,  j 

472-1 

330-4 

802-5 

475-3 

327-3 

802 -G 

1 

1   802-55 

2 

473-0 

329-8 

802-8 

474-8 

327-8 

802-6 

1   802-7 

3 

474-9 

328-5 

803-4 

475-5 

328-0 

803-5 

!  803-45 

The  few  readings  given  and  repeated  suffice  to  show  that  the  same 
order  of  accuracy  is  obtainable  as  for  point  contact. 

TABLE  15. 

Sjjhcrical-ended  Gauges  (Hartmann). 


51  mm. 


50  mm. 


Places. 

L 

R 

L  +  R 

L 

R 

L  +  R 

1 

385-8 

83-5 

469-3 

622-8 

847-4 

1470-2 

2 

101-5 

3G4-2 

465 -7 

571-0 

900-2 

1471-2 

3 

402-2 

G5-G 

467-8 

!  812-0 

060-0 

1472-0 

4 

410-3 

58-G 

468-9 

651-0 

818-0 

1469-0 

1 

The  pLaces  at  which  measurements,  are  taken  occur  on  tlio  end 
face  as  shown   in  Fig.  23.      The  irregularities  of  the  gauges  are 
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considerable  (as  miicli  as  3* 6  p).  The  difference  in  length  between 
the  gauges  at  their  centres  is  1  -0009  mm.,  assuming  accuracy  in  the 
micrometer  screws. 

Absolute  measurements  are  more  easily  done  with  flat  ends 
than  with  points.  The  method  of  procedure  is  simple  and  no 
examples  need  be  quoted. 

Nowadays  gauges  are  made  with  greater  accuracy  than  formerly. 
Each  unit  of  any  gauge  system  of  the  cumulative  type,  like 
Johansson's,  must  obviously  be  made  very  true,  or  the  composite 
gauge,  of  several  wrung  together,  would  be  useless.  Johansson,  in 
Sweden,  and  some  American  machinists,  manufacture  with  an 
accuracy  demanding  the  best  obtainable  measuring  appliances. 

The  machine  which  is  now  wanted  is  one  which  is  not  only 
sensitive,  but  also  is  capable  of  testing  the  gauge  in  all  possible 
positions.  The  same  gauge  might  be  tested  on  the  ordinary  measuring 
machine  by  skilled  metrologists  in  London,  Paris,  and  Washington, 
with  three  results  differing  by  considerably  more  than  experimental 
errors.  The  reason  is  obvious  with  the  ordinary  machine ;  wrong 
assumptions  are  made,  e.g.  (1)  the  truth  of  the  gauge  surface; 
(2)  the  truth  of  the  measuring  end  surfaces  ;  (3)  the  accurate 
alignment  of  the  supporting  cradle.  The  author  has  spent  many 
years  developing  the  present  machine,  which  can  claim  to  be 
sensitive  and  free  from  many  of  these  false  assumptions.  The 
measure  of  success  attained  is  indicated  by  the  consistency  of  the 
readings  on  the  best  gauges. 

The  machine  was  made  by  Messrs.  Manlove,  Alliott  and  Co., 
Nottingham,  who  generously  undertook  the  work  at  cost  price. 
The  author's  thanks  are  due  to  Mr.  J.  M.  C.  Paton,  managing 
director,  and  to  Mr.  F.  Read,  manager,  for  their  interest  and  help 
in  the  design  and  construction. 

After  manufacture,  the  machine  was  set  up  at  the  National 
Physical  Laboratory,  Teddington.  The  author  wishes  to  express  his 
appreciation  of  the  kindness  of  Dr.  E,.  T.  Glazebrook  in  allowing 
him  free  access  to  the  Laboratory  and  all  its  facilities.  Since  the 
machine   has   been  at   Teddington,  lengthy  and   exhaustive   tests 
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made  l)y  the  writer  have  led  to  improvements  in  some  details. 
Dr.  T.  E.  Stanton,  head  of  the  Mechanical  Department,  has  been 
most  helpful  by  readily  allowing  these  alterations  to  be  effected  by 
his  highly  skilled  assistants.  Mechanical  assistance  has  also  been 
rendered  by  Mr.  W.  S.  Linney  of  the  Physics  Department,  University 
College,  Nottingham. 

(VII)  Summary. 

To  summarize  the  results  of  this  Paper : — 

(1)  A  new  measuring  machine  is  described  founded  on  the 
principle  of  electric  touch.  It  is  applicable  to  the  measurement  of 
regular  solid  bodies,  e.g.,  cylindrical,  spherical,  or  parallel-faced, 
whether  metallic  or  non-metallic.  The  present  machine  embodies 
improvements  found  desirable  in  a  measuring  machine  described  by 
the  author  in  1906. 

(2)  The  solid  to  be  measured  is  firmly  held  in  a  clamp.  It  can 
be  adjusted  in  azimuth  and  elevation  and  so  set  parallel  to  the  line 
of  measurement.  It  can  also  be  run  into  position  by  movements 
perpendicular  to  its  length.  For  comparison,  two  solids  can  be 
clamped  side  by  side. 

(3)  The  unit  of  measurement  is  O'l  micron  (-  j-^j^^-jy^  mm.), 
and  comparative  readings  can  be  relied  on  to  this  amount. 

(4)  The  actual  length  of  a  solid  as  compared  with  a  line-standard 
can  be  obtained.  Whereas  it  is  usual  to  have  the  line  standard 
fixed,  and  the  reading  microscope  moving  with  the  micrometer,  in 
the  present  case  the  microscope  is  fixed,  and  the  scale  moves  with 
the  micrometer.  \ 

(5)  The  parts  of  the  machine  directly  involved  in  the  measuring 
are  susceptible  of  adjustment;  and  the  errors  arising  in  taking 
measurements  can  })c  estimated. 

(6)  The  machine  has  been  chiefly  used  for  testing  and  measuring 
engineering  gauges.  The  gauges  made  by  Johansson,  of  Eskilstuna, 
Sweden,  are  so  regular  in  figure  that  the  usual  measuring  machine 
cannot  detect  any  irregularity  in  them.  With  tlie  })resont  machine, 
errors  of  the  order  0"2  micron  can  bj  proved  to  exist. 
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These  gauges  are  commonly  used  wrung  together  to  form 
combination  gauges ;  tests  have  been  made  on  these  also.  Small 
errors  occur  due  to  dust  inserted  by  accident  between  the  faces  of 
any  two  members  of  a  combination,  sometimes  producing  a  slightly 
wedge-shaped  result. 

(7)  For  flat-ended  bodies,  exploring  is  best  done  with  rounded 
polished  points  ;  but  for  many  purposes,  notably  for  absolute 
measurement,  the  measuring  ends  should  be  flat;  and  in  this 
machine  it  is  possible  to  employ  pointed  or  flat  ends  at  will. 

The  Paper  is  illustrated  by  Plate  10  and  20  Figs,  in  the 
letterpress. 


Discussion. 

Mr.  S.  W.  Attwell  (National  Physical  Laboratory)  wrote  that 
the  end-measuring  machine  described  by  Dr.  Shaw  was  set  up,  and 
was  now,  at  the  National  Physical  Laboratory,  and  since  Dr.  Shaw 
finished  his  work  for  this  Paper,  it  had  been  used  on  several 
occasions  for  exploration  of  the  end  surfaces  of  length  gauges.  In 
work  of  this  kind  the  machine  gave  very  accurately  the  variations 
in  lengths  of  the  gauge  by  means  of  measurements  usually  made 
along  different  axes  parallel  to  the  principal  axis,  and  thus  indicated 
the  presence  of  any  error  in  form  of  the  end  surfaces.  In  the  case 
of  gauges  found  to  be  in  error  for  form,  the  measurements  did  not, 
however,  demonstrate  to  what  extent  each  end  separately  was  in 
error,  since  the  readings  obtained  on  either  headstock  included  any 
variations  due  to  irregularity  in  form  of  the  surface-plate  L,  Figs.  7 
and  8  (page  585),  which  variations  were  only  eliminated  in  taking 
the  addition  of  the  readings  from  both  headstocks.  For  instance, 
in  investigating  a  spherical-ended  gauge,  the  mean  curvature  of  the 
two  ends  was  accurately  obtained,  but  the  sphericity  of  either  end 
separately  was  left  indeterminate. 

2  u 
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It  might  be  possible  to  improve  the  machine  in  this  respect  by 
some  modification  in  the  design  of  the  translation  movement  of  the 
gauge-holder.  At  present  the  difficulty  had  not  been  overcome, 
even  at  the  expense  of  prolonged  investigation.  On  the  other 
hand,  with  flat-ended  gauges,  the  accuracy  of  each  end  could  be 
tested  by  means  of  an  optical  proof  plane,  as  described  on  page  599. 
Measurements  made  on  the  machine  then  gave  very  valuable 
information  as  to  the  parallelism  of  the  two  faces.  The  author 
gave  the  results  of  measurements  on  combinations  of  gauges 
compared  with  a  single  gauge  (page  611),  and  noted  that  the 
combination  gauge  was  in  each  case  longer  than  the  single  one. 
But  in  concluding  that  differences  were  due  to  dust  particles,  etc., 
he  had  not  allowed  for  the  errors  in  the  values  of  the  gauges.  The 
gauges  used  by  Dr.  Shaw  were  taken  from  a  set  standardized  and 
used  at  the  Laboratory,  and  on  correcting  for  known  errors  in  the 
actual  length  of  the  gauges  the  differences  became : — 

3-inch  —  3-inch  combination  =  —  0  •  2/x, 
2    „     -2    „  „  =  -0-3/x, 

the  differences  of  the  other  two  comparisons  remaining  unaltered. 
The  above  corrections  decreased  the  mean  values  of  the  differences 
to  about  —  0'25/x,  only  slightly  greater  than  the  experimental 
error.  But  as  in  all  four  cases  the  single  gauge  still  measured 
smaller  than  the  combination  when  corrected  for  known  errors,  it 
was  possible  that  Dr.  Shaw's  conclusions  were  not  altogether 
unfounded. 

As  regards  the  determination  of  absolute  length  of  end  standards 
from  line  standards,  the  chief  difficulty  in  the  way  of  accurate 
results  seemed  to  bo  with  the  want  of  control  over  the  temperature 
of  the  gauge.  It  was  hoped  that  the  mac) line  would  be  used  for 
work  on  these  lines  at  the  Laboratory  before  long,  when  checks  on 
the  accepted  lengtlis  of  standards  would  1)0  valuable.  In  the 
example  given  by  Dr.  Shaw  (page  ()I0)  il,  was  interesting  to  note 
tliat,  after  correcting  his  results  for  known  errors  in  tlie  scale  and 
for  temperatun;,  tlie  mean  value  deduced  from  his  measurements 
gave  a  longtli  witliin    1/^  of  the  LalKji-atory  accej)tod   value  of  the 
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12-inch  gauge.  This  was  a  good  agreement  when  one  considered 
that  there  might  be  small  errors  in  each  micrometer  screw,  and 
that  the  difierence  between  the  results  of  tlic  measurements  in 
Set  A  and  Set  B  was  1  •  3/x. 

Mv.  C.  HuMriiREY  Wing  FIELD  noticed  on  pnge  589  that  invar 
was  made  use  of  for  a  micrometer  screw.  He  knew  this  metal  had 
been  advocated  for  measuring  instruments  by  some  leading 
mechanical  engineers,  but  he  felt  sure  they  were  wrong.  To  take 
the  simplest  case — a  calliper-gauge  used  to  measure  the  length  of 
a  piece  of  steel.  If  both  had  the  same  coefficient  of  expansion,  the 
gauge  could  be  used  at  all  temperatures.  For  extremely  accurate 
work,  as  there  was  a  likelihood  of  the  gauge  and  bar  having  different 
coefficients  of  expansion,  it  was  necessary  they  should  both  be  at 
the  temperature  at  which  it  was  known  the  gauge  was  accurate. 

If  invar  were  used,  the  bar  might  be  gauged  at  a  standard 
temperature ;  in  this  respect  no  advantage  was  apparent.  At  any 
other  temperature  the  discrepancy  between  the  gauge  and  a  bar 
correct  at  standard  temperature  would  be  greater  than  if  invar  was 
not  used,  since  there  was  no  tendency  for  the  gauge  to  follow  up 
the  variations  of  the  bar  due  to  temperature. 

It  followed  that  where  invar  was  used,  greater  inaccuracy  would 
necessarily  follow  at  any  temperature  other  than  that  selected  as 
standard,  while,  at  the  standard  temperature,  no  advantage  was 
gained  for  its  use.  It  was,  in  fact,  a  most  unsuitable  material  for 
measuring  instruments,  though  valuable  for  such  purposes  as  clock 
pendulums. 

He  had  no  criticism  to  offer  on  the  Paper  itself,  except  that,  as 
the  distance  «^between  p^  and  p.,^  ^i&-  10  (page  587),  constituted 
a  "  constant "  amount  of  play  which  had  to  be  taken  up  before  a 
measurement  could  be  made,  the  value  of  this  distance  required 
very  careful  and  frequent  checking. 

Dr.  Shaw,  in  reply,  wrote  that  the  machine  was  made  to 
accomplish  various  measurements  diverse  in  nature.  It  was  an 
attempt    to   increase    the  accuracy  of   such  measurements   as   the 

2  u  2 
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ordinary  machine  made,  and  to  add  to  tliese  functions  others 
which  the  ordinary  machine  failed  to  provide.  These  uses  had  been 
summarized  in  the  Paper.  It  was  true,  as  Mr.  Attwell  pointed 
out,  that  surface  plate  L,  Figs.  7  and  8  (page  585),  being  irregular, 
threw  its  ow^n  errors  into  the  readings  of  one  gauge-face,  and  that 
therefore  these  readings  could  not  be  taken  to  represent  the 
truth  of  that  one  gauge-face.  It  was  not  claimed  by  Dr.  Shaw, 
however,  for  the  machine  that  it  would  serve  this  particular  use. 
After  much  experience  in  measuring  irregularities  in  scraped  and 
lapped  surface-plate  *  the  best  surface-plate  found  had  irregularities 
of  1/x  (  =  -^^ —  inch),  and  an  ordinary  one  had  errors  of  2  •  5/x.  This 
being  so,  the  difficulty  raised  by  Mr.  Attwell  resolved  itself  into  that 
of  giving  plate  L  a  surface  truer  than  that  of  the  best  commercial 
surface  plates.  The  one  in  the  machine  had  inequalities  of  about 
l*5/x  {see  Table  1,  page  604).  The  best  commercial  plate  of  the 
size  required  would  be  liable  to  error  of  at  least  0*5//,  an  error 
which  would  be  inadmissibly  great  for  Mr.  Attwell's  purpose. 
Though  this  error  entered  the  readings  for  one  face,  no  error  at 
all  due  to  plate  L  entered  the  joint  readings  of  the  two  faces,  the 
attainment  of  which  was  the  purpose  of  the  machine. 

As  regards  the  difierence  between  gauges  single  and  in 
combination  which  the  author  attributed  to  dust  particles,  his 
results,  after  Mr.  Attwell's  deductions  for  known  errors  of  the 
gauges,  came  out  in  the  four  cases  quoted  as  0  •  2/x,  0  •  3/x,  0  •  Sfi,  0  *  25/x. 
The  consistency  of  these  numbers  pointed  to  some  common  cause, 
other  than,  for  instance,  observational  errors,  which  would  not  be 
all  plus  errors  of  the  same  amount.  In  note  (6)  of  the  summary 
it  was  stated  that  a  large  wedge-shaped  error  sometimes  arose  in 
tlie  combination  system.  This  was  distinct  from  the  ellect  under 
discussion,  and,  taken  in  conjunction  with  the  results  obtained  after 
Mr.  Attwell's  deductions,  seemed  a  confirmation  of  the  author's 
surmise,  and  results.  I 

Invar  was  used  in  the  machine  not  for  tlui  micrometer  screws, 
as  Mr.  Wingfield  appeared  to  have  gathered,  but  for  distance-pieces 

*  Sec  Shaw,  Proc.  Poy.  Soc,  1912  A,  Vol.  8G. 
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in  connection  with  these  screws.  One  understood  that  invar  could 
not  be  cut  and  poUshed  smooth  enough  for  good  micrometer  screws. 
If  a  calliper-g.iuge  made  of  invar  were  used  to  measure,  absolutely, 
any  material  but  invar,  errors  would  exist  in  the  results  for  any 
but  standard  temperature.  But  suppose  one  bar  after  another  of 
steel  were  being  compared  ivith  one  another  or  with  a  standard  scale^ 
the  calliper-gauge  made  of  invar  would  be  more  accurate  than 
any  other,  since  it  would  not  itself  change  in  length,  thermally, 
between  individual  measurements.  In  the  electric  measuring 
machine  invar  was  used  for  this  very  reason.  As  the  micrometer 
screws  were  enclosed  in  a  massive  casting,  it  and  the  massive  bed 
of  the  machine  changed  in  length,  thermally — at  a  very  slow  rate ; 
but  any  small  projecting  part,  having  a  large  surface  relative  to  its 
mass,  would  be  liable  to  change  temperature  quickly  through 
radiation  and  conduction.  Hence  the  small  projecting  ends  were 
made  of  invar,  and  errors  occurring  in  comparative  work  were 
reduced  to  a  minimum ;  for  the  measuring  machine,  unlike  the 
calliper-gauge  and  screw-gauge,  only  took  comparative  measurements 
either  between  gauge  and  gauge  or  between  gauge  and  standard 
scale.  The  author  had  found  invar  most  useful  in  other  apparatus 
for  delicate  comparative  measurement  where  temperature  changed 
quickly. 

As  regards  the  constant  amount  of  "  play  "  mentioned.  Here 
again  Mr.  Wingfield  would  be  quite  correct  if  absolute  measurements 
were  taken  as  in  a  calliper-gauge,  but  in  comparison  work  no  error 
whatever  arose.  If  any  change  were  to  occur  in  the  play  between 
consecutive  readings,  it  would  be  seen  at  once  in  the  readings. 
Such  change  did  not  occur  in  practice. 
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Edward  Bowen  was  born  at  Wednesbury  on  16th  February  1849. 
He  commenced  his  engineering  training  in  1863  at  the  locomotive 
works  of  the  London,  Brighton  and  South  Coast  Railway  at 
Brighton,  and  after  serving  his  time  he  w^ent  to  London  where  he 
worked  at  various  marine  engineering  works,  including  those  of 
Messrs.  RavenhiU's  at  Blackwall.  Several  years  later  he  was 
engaged  as  sea-going  engineer  on  the  S.S.  "  Glenavon,"  which 
plied  between  Newcastle  and  the  East.  On  giving  up  this 
appointment,  he  was  engaged  by  Messrs.  Charles  Tennant  as 
manager  and  superintendent  of  six  of  their  sugar  estates  in  Trinidad, 
and  three  years  later  he  was  appointed  locomotive  superintendent 
and  works  manager  of  the  Porto  Alegre  and  New  Hamburg  Railway 
Co.,  at  Rio  Grande  do  Sul,  Brazil.  This  position  he  continued  to 
hold  for  several  years,  until  he  retired  in  1903  on  account  of 
ill-health ;  during  that  period  he  was  publicly  complimented  on 
several  occasions  by  the  directors.  His  death  took  place  at  his 
residence  at  Hastings  on  18th  April  1913,  at  the  age  of  sixty-four. 
He  became  a  Member  of  this  Institution  in  1888. 

Professor  Archibald  Campbell  Elliott,  D.Sc,  was  born  in 
Glasgow  on  19th  February  1861.  He  received  his  education  at  the 
Universities  of  Glasgow  and  Edinburgh.  His  practical  engineering 
experience  was  obtained  on  the  Glasgow  and  South  Western  Railway, 
where  he  served  an  apprenticeship  from  1876  to  1881,  and  then  became 
an  assistant  in  the  engineering  department.  In  1882  he  was  engaged 
as  chief  assistant  to  the  late  Professor  Fleeming  Jenkin,  and  two 
years  later  he  acted  as  assistant  to  Sir  William  Thomson  (Lord 
Kelvin)  and  Professor  Fleeming  Jenkin,  who  were  then  engineers 
to  the  Commercial  Cable  Co.  In  1885  he  commenced  his  career  in 
the  teaching  profession  by  becoming  assistant  to  the  Professor  of 
'Engineering  at  the  University  of  Edinburgh,  where  he  remained 
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until  1890,  when  he  was  appointed  Professor  of  Engineering  at  the 
University  College  of  South  Wales  and  Monmouthshire,  Cardiff. 
This  position  he  held  until  his  death,  which  took  place  at  Porthcawl, 
Glamorgan,  on  21st  April  1913,  at  the  age  of  fifty-two.  He  was 
elected  a  Member  of  this  Institution  in  1892  ;  he  was  also  a 
Member  of  the  Institution  of  Civil  Engineers,  and  was  President  of 
the  Institution  of  Locomotive  Engineers  in  1912.  In  1899  he  served 
on  the  Royal  Commission  on  Accidents  to  Hail  way  Servants. 

Alexander  Cuthill  Gray  was  born  at  Selby  on  14th  August 
1870.  After  he  had  been  educated  at  Dollar  Academy  from  1881 
to  1886,  he  served  his  time  with  Messrs.  Neilson  and  Co.,  Hyde 
Park  Locomotive  Works,  Glasgow,  and  on  its  completion  he  w^as 
engaged  in  the  running  sheds  of  the  North  British  Railway  Co. 
from  1891  to  1894.  In  the  latter  year  he  went  to  India  to  take 
up  the  appointment  of  engineer  and  assistant  manager  to  the 
Rasetpur  Tea  Co.,  Sylhet,  but  two  years  later  he  was  invalided 
home,  and  on  his  recovery  to  health  he  accepted  the  appointment 
of  assistant  locomotive,  carriage  and  wagon  superintendent  of  the 
Southern  Brazilian  Rio  Grande  do  Sul  Railway  Co.  In  1899 
he  was  appointed  .acting  locomotive  superintendent  of  the  same 
railway,  and  in  1906  he  became  manager  of  rolling  stock  on  the 
Rio  Grande  a  Bajc  Railway.  This  position  he  held  until  1910 
when  he  returned  to  this  country.  In  the  early  part  of  1912  he 
took  up  the  appointment  of  superintendent  of  motive  power 
of  the  Reid  Railway  and  Steam  Ship  Co.,  St.  John's, 
Newfoundland,  where  his  death  took  place  on  16th  March  1913, 
in  his  forty-third  year.  He  was  elected  an  Associate  Member 
of  this  Institution  in  1896,  and  was  transferred  to  full  Membership 
in  1901. 

Frederic  Georcie  Sison  11am  was  born  at  Greenwich  in  1856, 
tind  was  educated  at  the  Greenwich  Proprietary  School  and  the 
City  of  London  College.  Ho  was  then  emi)loyed  at  the  works 
of  Messrs.  J.  Stone  and  Co.,  Deptford,  from  1874  to  1880, 
and    for    tlie    next  twelve   years    was    engagetl    on    sewerage    and 
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water  works  in  various  parts  of  England.  In  December  1893  be 
founded  tbe  business  of  Ham,  Baker  and  Co.,  engineers,  of 
Grosvenor  Road,  Westminster,  and  Langley  Green,  Worcestershire, 
and  was  engaged  in  tbe  erection  of  iron  and  brass  foundries  and 
fitting  shops  for  tbe  manufacture  of  engineers'  specialities  for 
sewerage  and  water  works.  In  1901  tbe  business  was  converted 
into  a  company,  of  wbicb  be  was  a  director,  and  be  became 
chairman  and  managing  director  in  1903.  Subsequently  contracts 
were  carried  out  for  the  supply  of  all  the  fire  hydrants  used  in 
London  by  the  Metropolitan  Water  Board,  and  for  penstocks  and 
iron  work  for  various  Corporations  and  District  Councils  of  Great 
Britain.  His  death  took  place  at  Wimbledon,  on  1st  October 
1912,  at  the  age  of  fifty-six.  He  was  elected  an  Associate  Member 
of  this  Institution  in  1903,  and  was  transferred  to  full  Membership 
in  1905. 

Henry  Evans  Harris  was  born  at  Kingston-on-Thames,  Surrey, 
on  20th  June  1874.  He  was  educated  at  a  private  school  and 
subsequently  at  the  Merchant  Taylors'  School  until  1890,  when  he 
began  an  apprenticeship  of  four  years  in  the  works  of  Messrs. 
McKinnon  and  Co.,  of  Aberdeen.  On  its  completion  in  1895  he 
was  engaged  for  six  months  in  the  drawing  ofiice  of  Messrs. 
Paterson  and  Cooper,  London,  and  then  was  employed  for  a  year 
as  journeyman  in  the  works  of  Messrs.  J.  and  H.  Gwynne,  of 
Hammersmith.  In  1897  he  went  to  India  to  take  up  the  post  of 
assistant  engineer  to  Messrs.  Massey  and  Co.,  of  Madras  ;  in  the 
following  year  he  became  assistant  manager  and  in  1900  was 
appointed  general  manager,  afterwards  becoming  managing  director. 
This  position  he  held  until  his  death,  which  took  place  at  Madras 
on  14th  March  1913,  in  his  thirty-ninth  year.  He  was  elected  a 
Graduate  of  this  Institution  in  1898,  and  Associate  Member  in  1901. 

Henry  Hiller  was  born  in  Shefiield  on  13th  June  1833.  He  was 
educated  in  Shefiield,  and  was  afterwards  apprenticed  at  the  works 
of  Messrs.  Walker,  Eaton  and  Co.  At  that  time  there  were  very 
limited  facilities  for  any  theoretical  education  in  Shefiield,  the  most 
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lie  could  obtain  being  derived  from  a  class  in  mechanical  drawing. 
On  the  completion  of  his  apprenticeship  he  worked  as  a  fitter  at  the 
locomotive  works  of  Messrs.  Sharp,  Roberts  and  Co.,  Manchester, 
and  at  the  Gorton  Works  of  the  Manchester,  Sheffield  and 
Lincolnshire  Railway.  He  was  subsequently  appointed  to  be 
assistant  to  the  chief  engineer  of  the  Manchester  Steam  Users' 
Association.  Having  spent  some  time  in  that  service,  he  was 
appointed  in  1864  chief  inspector  and  afterwards  chief  engineer  of 
the  National  Boiler  Insurance,  of  Manchester.  This  company  was 
then  in  its  early  days,  and  the  whole  of  his  energies  were  occupied 
in  its  development,  both  on  the  engineering  and  the  commercial 
sides.  The  period  of  his  work  was  one  of  considerable  change  in 
boiler  construction  and  attention,  and  he  took  a  great  part  in  the 
work  of  improving  boiler  design,  which  in  this  country  is 
attributable  in  a  large  degree  to  the  work  of  the  Insurance 
Companies.  On  the  staff  of  the  National  Boiler  Insurance  Co., 
with  which  he  was  associated  and  which  is  now  under  the  direction 
of  his  son,  Mr.  Edward  G.  Hiller  (ilfem&er),  there  are  over  300 
persons,  and  the  number  of  engineers  employed  in  inspecting, 
supervising,  etc.,  is  over  100.  Among  his  inventions  may  be 
mentioned  those  relating  to  fusible  plugs,  safety-valves,  etc.,  which 
proved  very  successful.  His  death  took  place  at  his  residence  in 
Manchester  on  9th  April  1913,  in  his  eightieth  year. 

Henry  JonNSON  was  born  at  King's  Lynn  on  2nd  May  1877. 
After  he  was  educated  at  local  schools,  he  began  an  apprenticeship 
of  four  years  in  the  workshops  of  his  father  at  King's  Lynn,  and 
on  its  completion  remained  for  a  year  as  improver.  In  1898  he 
started  an  automobile  department  for  Mr.  S.  J.  Tilley,  carriage 
builder,  Leicester,  where  he  had  entire  control.  Four  years  later 
ho  joined  his  father  and  brothers  in  business  at  King's  Lynn 
and  Hunstanton,  as  Messrs.  W.  H.  Johnson  and  Sons,  general  and 
automobile  engineers.  1'liis  arrangement  was  continued  until 
June  1903,  when  he  starttsd  on  his  own  account  at  Harrogate,  as 
automobile  engineer,  and  soon  established  a  successful  business. 
His  advice  was  often  souglit  in  settlement  of  accident  claims.      His 
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death  took  place  at  Brighton,  after  a  long  illness  following  an 
operation  for  appendicitis,  on  27th  December  1912,  in  his  thirty- 
sixth  year.  He  became  an  Associate  Member  of  this  Institution  in 
1906. 

Joseph  Lever  was  born  at  Little  Lever,  near  Bolton,  on 
11th  July  1851.  His  education  was  received  at  private  and 
public  schools  and  at  the  Bury  Athenasum  where  he  attended 
technical  classes.  He  served  a  seven  years'  apprenticeship  at  the 
Hollins  Yale  Bleach  Works,  near  Bury,  and  on  its  completion 
remained  for  two  years  as  foreman  with  full  charge.  He  was 
next  employed  at  the  works  of  Messrs.  J.  and  E.  Woods,  of 
Bolton,  for  a  short  time,  and  in  1875  worked  for  two  years  at 
Woolwich  Arsenal  as  an  erector.  In  1877  he  went  to  Manchester 
and  was  engaged  by  Messrs.  W.  and  J.  Galloway,  principally  as 
chargeman  at  home  and  abroad.  This  position  he  held  for  nearly 
eight  years,  when  he  started  in  business  in  Manchester  as  a 
consulting  engineer  and  factor.  In  this  connection  his  work  lay 
chiefly  in  the  design  and  erection  of  cooling  and  condensing 
plant,  rolling  mill  engines  and  steel  works  plant,  etc.  His  death 
took  place  at  Walkden,  Manchester,  on  17th  January  1913,  at  the 
age  of  sixty-one.  He  became  an  Associate  Member  of  this 
Institution  in  1910. 

Henry  Maw  was  born  in  London  on  6th  September  1872,  being 
the  son  of  Dr.  William  H.  Maw,  Past-President.  He  received 
his  education,  first  at  a  private  school,  and  subsequently  at 
St.  Paul's  School,  West  Kensington,  from  September  1884  to 
May  1890.  From  then  until  November  1892  he  served  his  time 
in  the  workshops  of  the  Great  Eastern  Railway  at  Stratford, 
under  Mr.  James  Holden,  after  which  he  studied  engineering 
for  two  years  at  University  College,  London,  under  Professor 
T.  Hudson  Beare.  During  the  succeeding  fifteen  months  he  was 
engaged  in  various  engineering  work  under  his  father,  and  in 
October  1895  he  entered  the  office  of  Professor  (now  Sir) 
Alexander  B.  W.  Kennedy,  where  he  was  engaged  in  the 
drawing  office  and  in  testing  electric  lighting  plant,  etc.     During 
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1898  he  was  chiefly  employed  in  superintending  the  extensions  to 
the  Croydon  Corporation  Electric  Light  Station,  and  in  January 

1899  he  was  appointed  resident  engineer  in  charge  of  the  laying  of 
mains  and  installation  of  plant  for  the  electric  lighting  of  the  City 
of  York,  while  from  April  1900  to  May  1901  he  occupied  a  similar 
position  at  Darlington,  both  these  schemes  being  carried  out  under 
Sir  Alexander  Kennedy.  Returning  to  London  he  next  became 
resident  engineer  in  charge  of  the  erection  of  plant  at  Grove  Road 
Central  Electric  Supply  Station  and  the  laying  of  mains  in 
connection  therewith,  while  subsequently  he  was  engaged  on  the 
electrification  of  a  portion  of  the  Great  Western  Railway,  also 
under  Sir  Alexander  Kennedy.  In  January  1908  he  joined  the 
firm  of  B.  R.  Rowland  and  Co.,  of  the  Climax  Works,  Reddish, 
and  became  a  director,  a  position  which  he  resigned  in  March  1910 
to  join  his  father  on  the  staff  of  Engineering.  His  death  took 
place  at  Willesden  Green,  London,  on  7tli  April  1913,  in  his  forty- 
first  year.  lie  was  elected  a  Graduate  of  this  Institution  in  1897, 
and  an  Associate  Member  in  1899. 

William  Cooper  Penn  was  born  at  Pontypridd  on  18th  October 
1852.  He  served  his  time  at  Newbridge  Engineering,  Chain-Cable, 
and  Anchor  Works,  Pontypridd,  South  Wales,  from  1867  to  1872, 
and  then  assisted  his  father  in  the  management  of  the  same  works 
until  1874.  In  that  year  he  commenced  business  on  his  own 
account  in  Cardiff"  as  a  mechanical  engineer,  having  also  a 
connection  with  collieries  and  coal-shipping  companies,  and  from 
1884  to  1888  he  was  principally  engaged  in  laying  out  building 
estates.  In  1890  he  started  in  London  as  a  consulting  engineer, 
and  acted  as  representative  for  Messrs.  Iligginbottom  and  Mannock, 
cr;ui(;  and  lift  makers,  and  Messrs.  Clay,  llenricpics  and  Co., 
engineers  and  ironfounders.  In  association  with  Mv.  Edward 
Perrett  he  took  an  active  part  in  the  design  and  construction  of 
the  hitter's  system  of  mechanical  filtration,  and  they  were  also  joint 
inventors  of  a  steam  water-lift,  J  lis  death  took  place  in  London 
after  an  illness  of  three  weeks,  on  9th  March  1913,  in  his  sixty- 
first  year.  He  was  elected  an  Associate  Member  of  this  Institution 
in  1895,  and  was  transferred  to  full  Membership  in  1901. 
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Jonx  Saxby  was  born  at  Brighton  on  17th  August  1821.  After 
a  very  elementary  education  at  Brighton  he  was  apprenticed  at  the 
age  of  thirteen  to  a  carpenter  and  joiner,  to  whom  he  was  bound 
for  seven  years.  At  the  end  of  five  years  he  left,  and  npplied  for 
woik  at  the  Brighton  locomotive  works  of  the  London,  Brighton 
and  South  Coast  Railway,  where  he  was  taken  on,  his  first  work 
being  to  make  oak  mile-posts,  and  he  soon  introduced  a  tool  of  his 
own  device,  by  which  the  mile-posts  w^ere  made  more  quickly. 
In  course  of  time  he  became  foreman  of  the  carpenters  and 
joiners,  sawyers,  pattern  makers,  plumbers,  gasfitters,  and 
labourers.  On  his  leaving  the  Railway  Company  in  1861,  after 
twenty-two  years'  service,  he  started  in  business  for  himself 
at  Haywards  .  Heath,  and  superintended  the  construction  and 
erection  of  his  interlocking  system  of  points  and  signals.  Some 
of  his  early  inventions  were  thought  out  while  he  was  with  the 
Brighton  Railway  Co.  His  first  invention  was  an  improved 
signalling  lamp,  which  effected  a  considerable  saving  of  the  lamps 
then  in  use,  but  the  principal  one  with  which  he  was  chiefl}^ 
identified,  and  which  brought  him  a  considerable  financial  return, 
was  his  system  of  interlocking  railway  points  and  signals,  for  which 
he  took  out  a  patent  in  1856.  Prior  to  the  adoption  of  his  invention 
one  of  the  most  frequent  causes  of  railway  disasters  was  the 
changing  of  points  while  a  train  was  passing  over  them.  Owing  to 
the  increasing  demand  by  the  railway  companies  for  his  railway 
points,  etc.,  the  works  at  Haywards  Heath  became  too  small  for  his 
his  requirements,  and  he  moved  to  Kilburn.  Having  entered  into 
partnership  with  the  late  Mr.  J.  S.  Farmer,  who  had  been  previously 
assistant  to  the  manager  of  the  Brighton  Railway,  he  built  a  large 
factory,  which  found  employment  for  2,000  men,  and  at  one 
time  3,000  including  the  outdoor  men.  On  the  dissolution 
of  the  partnership  some  twenty  years  later,  Mr.  Farmer,  who 
managed  the  financial  side  of  the  concern,  took  over  the  control 
of  the  English  business,  and  Mr.  Saxby  the  French.  Works  were 
established  at  Brussels  and  at  Creil,  near  Paris,  the  latter  of  which 
are  managed  by  his  son,  Mr.  James  Saxby.  Models  of  his  invention 
were   shown   at  various   Exhibitions  in  England  and  abroad,  for 
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which  he  received  numerous  gohi,  silver,  and  bronze  medals,  and 
diplomas.  His  death  took  place  at  his  residence  at  Hassocks,  near 
Hay  wards  Heath,  on  22nd  April  1913,  in  his  ninety-second  year. 
He  became  a  ]M ember  of  this  Institution  in  1880. 

Robert  Steele  was  born  at  Greenock  on  28tli  November  1859, 
being   the    eldest   son    of   the   late    Ilol)ert   Steele,  shipbuilder,  of 
Greenock.      He    was   educated  at   Dr.  Grenfell's    School,    Mostyn 
House,    Cheshire,   and   afterwards    at    Merchiston    Castle    School, 
Edinburgh.     In  1877  he  commenced  an  apprenticeship  of  five  years 
in  his  father's  firm  of  Robert  Steele  and  Co.,  and  on  its  completion 
in   1882  he    became    assistant  yard   manager    for    the   same   firm, 
superintending  both  constructional  and  repair  woik.     Three  years 
later  he  was  employed  for  a  time  on  the  West  Coast  of  Africa  and 
subsequently    at    home    on    business    indirectly    connected    with 
shipbuilding  and  engineering.     In  1887  he  was  appointed  shipyard 
manager   to    Messrs.  Archibald  McMillan  and    Sons,   Dumbarton, 
and  later  on  became  managing  director  of   that   firm.     He    next 
removed  to  London  and  commenced  private  practice  in  1889  as 
naval  architect  and  consulting  engineer,  which  he  continued  up  to 
the  time  of  his  death.     His  work  during  that  jDeriod  included  the 
preparation  of  designs  and  specifications  for  new  vessels,  and  the 
superintendence  during  their  construction.     He  was  superintendent 
engineer  for  Messrs.  Bailey  and  Leetham  of  Hull  for  about  five 
years,  and  consulting  engineer  and  adviser  to  the  South  Eastern 
and  Chatham  and  Dover  Railways  from  1895.     He  was  also  expert 
adviser  and  witness  in  Court  on  behalf  of  the  Admiralty,  English 
and    foreign    underwriters,    and    a    Ltrge   number    of    British    and 
foreign  shipowners,  including   the  Royal  Mail  Steam  Packet  Co. 
He  recently  acted   for  the  Admiralty  in  the  case  of  tlic  collision 
between  H.M.S.  "Hawke"  and  tlio  S.S.  "Olympic,"  and  also   in 
connection  with  the  collision  of  H.M.S.  "  Centurion."     Ho  appeared 
as  a  technical  witness  in  a  large  number  of  l^oard  of  Trade  inquiries, 
including  those  of  the  S.S.  "  Waratah  "  and  the  S.S.  "  Yarmoutli," 
and  gave  evidence  on    the  question   of    watertight    sulidivision   of 
merchant  ships  before  the  Bulkhead  Committee.     His  death  took 
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place  in  London  from  pneumonia,  on  2nd  May  1913,  in  his  fifty- 
fourth  year.  He  became  a  Member  of  this  Institution  in  1901 ; 
he  was  also  a  Member  of  the  Institution  of  Naval  Architects. 

James  Tangye  was  born  at  the  village  of  Illogan,  near  Redruth, 
Cornwall,  on  6th  October  1825,  being  the  eldest  son  of  a  noted 
family  of  engineers.  He  formed  his  first  acquaintance  with  the 
steam-engine  when  accompanying  his  maternal  grandfather  to  his 
work,  and  it  was  not  long  before  he  had  his  own  little  workshop 
where,  in  his  spare  moments,  he  used  to  make  working  models  of 
steam-engines,  lathes,  etc.  After  leaving  school  in  1837,  he  went 
to  the  Copperhouse  Foundry,  Hayle,  where  work  was  then  in 
progress  in  connection  with  Brunei's  suspension  bridge,  used  first 
for  spanning  the  Thames  at  Hungerford  (Charing  Cross),  and  now 
erected  at  Clifton  over  the  River  Avon.  During  that  time  he 
gained  much  information  and  found  suggestions  for  future  work 
in  his  observations  of  Brunei  testing  the  strength  of  plates  by 
a  hydraulic  press.  On  leaving  Copperhouse,  he  went  for  a  short 
time  to  a  neighbouring  wheelwright  at  Pool,  where  his  wages  were 
4f?.  a  day,  although  he  could  match  in  speed  and  quality  of  work 
any  of  the  skilled  wheelwrights  whose  wages  were  18s.  a  week. 
His  ambition  was  aroused,  and  he  soon  left.  Before  seeking 
another  situation,  he  spent  a  little  time  in  making  wheels  and 
ploughs  needed  upon  his  father's  farm,  and  he  devised  methods  of 
"  dressing  "  tin  in  the  mines.  About  this  time  he  constructed  and 
put  to  work  a  water-wheel,  18  feet  in  diameter  by  20  inches 
"  breast,"  for  driving  a  stamping  mill.  Later  he  was  employed  at 
Pool  by  Mr.  William  Brunton,  Sen.,  one  of  Mr.  Brunei's  assistants, 
to  make  hydraulic  pumps,  and  then  for  a  year  he  was  at  the 
Redruth  Foundry,  during  which  time  a  locomotive  was  built  by 
the  firm  for  the  West  Cornwall  Railway.  In  1848  he  went  to 
Devonport,  and  was  engaged  at  Messrs.  Distin  and  Chafe's  Works 
on  repair  jobs  at  the  dockyard.  Later  he  was  asked  to  become 
manager  of  the  works,  but  he  preferred  to  join  his  brother, 
Mr.  Joseph  Tangye,  who  was  then  employed  by  Mr.  William 
Brunton,    Jun.,  in  | scheming  machinery  for   the   manufacture   of 
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blasting  fuse.  They  both  remained  with  Brunton  for  some  time, 
and  made  the  whole  of  the  machinery  used  in  the  process,  ultimately 
having  a  small  interest  in  the  business.  In  1855  he  accepted  the 
post  of  woi'ks  manager  at  Thomas  Worsdell's  railway  works  at 
Birmingliam,  wliere  some  of  his  brothers  were  occupied ;  but  in 
January  1858  he  associated  himself  with  his  brother  Joseph,  and 
later  with  his  l)rothers  Richard  and  George,  in  what  ultimately 
developed  into  tlie  well-known  Tangye's  Cornwall  Works,  at 
Birmingham.  Another  brother,  Edward,  came  from  America  to 
join  them,  and  the  style  of  the  firm  was  James  Tangye  and 
Brothers,  Machinists.  This  afterwards  became  Tangye  Brothers, 
and  then  Tangyes  Limited.  The  manufacture  of  the  Weston  block 
gave  the  firm  a  good  start,  of  which  thousands  have  been  made. 
The  well-known  Tangye  steam^-pump,  originally  an  American  idea, 
was  another  important  factor  of  success,  and  his  application  of  the 
hydraulic  system  to  lifting-jacks  gave  the  business  a  further 
impetus,  especially  as  these  jacks  proved  of  great  service  in 
connection  with  the  launch  of  the  "  Great  Eastern."  Acting  on  the 
suggestion  of  his  brother,  George,  he  set  to  work  and  designed  an 
engine,  of  which  each  unit  was  to  be  simple  as  possible,  so  that  the 
type  could  be  standardized  with  a  view  to  its  manufacture  in  large 
numbers  for  stock.  The  success  of  the  engine  and  of  the  high- 
speed governor  was  so  pronounced  as  to  necessitate  an  extensive 
addition  to  the  works.  In  1872  he  decided  to  retire,  as  did  also 
Joseph  and  Edward,  so  that  llichard  and  George  were  left  to 
continue  the  business.  He  did  not,  however,  cease  to  take  an 
interest  in  mechanical  engineering,  and  at  liis  retreat — Aviary 
Cottage,  near  the  place  of  his  birth — he  had  a  worksho})  built,  with 
machine-tools  driven  by  one  of  his  own  small  steam-engines.  Much 
of  his  leisure  time  was  spent  in  his  well-appointed  observatory. 
In  18G2  he  read  a  Paper  before  this  Institution  on  "Hydraulic 
Shears  and  Punch  "  (Proceedings,  pMgo  341).  His  death  took  place 
at  lllogan,  near  Redruth,  on  4th  April  1913,  in  liis  eiglity-eiglith 
year.     He  became  a  Member  of  this  Instituiion  in  1801. 
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Heating,  461. 

AiTKEN,  A.  J.,  elected  Associate  Member,  483. 
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Allison,  W.  F.  D.,  elected  Associate  Member,  483, 

Alloys  Research,  109. 
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BoNSTOW,  T.  L.,  Associate  Member  transferred  to  Member,  5. 
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Dyer,  W.  S.,  elected  Associate  Member,  340, 


646  INDEX.  ArniL  lom. 
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Discussion, — Attwell,  S.  W.,  Machine  at  National  Physical  Laboratory, 
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difficulty  in  determining  absolute  length,  G2G. — Wingfield,  C.  H.,  Invar 
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Elliott,  J.  R.,  elected  Graduate,  341. 
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Farr,  L.,  elected  Graduate,  485. 

Farrell,  N.  N.,  elected  Graduate,  5. 

Farrer,  a.  W.,  elected  Associate  IMember,  340. 

Feed-Water  Heating  of  Locomotives,  345.  Sec  Locomotive  Superheating 
and  Feed-Water  Heating. 

Feloy,  J.  P.,  elected  Associate  Member,  484. 

Field,  E.  II.,  elected  Associate  Member,  3. 

Fletcher,  F.  C,  elected  Associate  Member,  310. 

Flow  of  Steam  through  Nozzles,  Pa/per  by  J.  B.  Henderson,  253.— Scope 
of  Paper,  253. — Theory,  254. — Differences  between  the  practical  and 
ideal    nozzles :    ElTiciency    of    a    nozzle,   257. — Maximum    mass-flow 
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depends  on  the  shape  of  the  curve  of  entry  to  the  nozzle,  258. — 
Experimental  evidence  of  transverse  waves  in  nozzles,  260 ;  erosion  of 
steel  by  explosive  gases,  261 ;  flow  through  four  nozzles,  262 ;  flow 
through  nozzle  made  in  two  parts  separable  at  throat,  264.^ 
Suggestions  for  further  experiments  ;  difficulty  of  determining  mass-flow, 
266 ;  De  Laval  nozzles,  267 ;  heat-conduction  effects  therefrom,  268.— 
Summary  of  conclusions  arrived  at,  270. 

Discussion. — Corthesy,  J.  H.,  Bladeless  turbine  rotor  acts  as 
expanding  nozzle,  271. — Dickson,  W.  K.  L,,  Experiments  with  bladeless 
reversible  turbine,  271. — Greenhill,  Sir  G.,  Helmholtz  theory  for 
uniplane  motion  from  a  rectilinear  slit,  272. — Grindley,  J.  H., 
Expansion  of  steam  passing  through  thin  brass  plate  and  glass  plate, 
272 ;  shape  of  curve  of  entry  influences  mass-flow  and  steam  at  throat 
of  nozzle,  273. — Hudson,  J.  G.,  Theory  of  flowing  gases  given  by 
various  writers ;  formula  for  efficiency  of  nozzle  for  gases,  274 ; 
solution  of  hydrodynamical  problem  of  frictionless  flow;  shape  of 
curve  of  entry ;  wave-length  of  pressure  variation,  275 ;  axial  pressure 
distribution  in  a  nozzle ;  avoidance  of  oscillations  in  nozzle,  276 ; 
maximum  mass-flow,  277 ;  criticism  of  author's  summary  of 
conclusions,  278  ;  note  on  mass-flow,  279 ;  bibliography  and  table  of 
references,  281. — Jude,  A,,  Suitability  of  convergent  form  of  nozzle, 
284 ;  discrepancy  in  Rateau  experiments,  285 ;  kinetic  energy  of  jets, 
286;  experiments  with  curved  convergent  nozzles  for  use  in  multiple, 
287;  with  thickened  blades;  convergo-divergent  nozzles  adapted  for 
use  in  multiple,  288 ;  suggested  scheme  of  research,  289 ;  discharge  of 
air  through  nozzles,  294. — Mellanby,  A.  L.,  Uncertainty  of  quality  of 
steam  used ;  value  of  coefficient  of  discharge,  295  ;  with  dry  steam, 
297. — Morley,  T.  B.,  Theory;  experimental  evidence  of  transverse 
waves  in  nozzles,  298 ;  suggested  experiments,  299 ;  search-tube  and 
Pitot-tube  for  finding  distribution  of  pressure  and  velocity  through 
nozzle;  measurement  of  nozzle  profile,  300. — Rowell,  H.  S.,  Bernoulli's 
theorem  applied  to  stream-line  motion  only,  300;  motion  of  bullet 
through  air,  301 ;  erosion  phenomena ;  Christlein's  experiments,  302 ; 
local  corrosions,  303 ;  loss  through  skin  friction,  304 ;  other  losses, 
305.^-Smith,  R.  H.,  Formulae  regarding  water-flow,  305 ;  free 
expansion  of  wet  steam,  306 ;  high-speed  outflow  of  steam  and  gases, 
307 ;  cross  gradients  of  pressure  and  velocity  due  to  curvature,  308. — 
Stodola,  A.,  Chief  problem  in  steam-turbine  building,  310 ; 
Bendemann's  experiments  to  determine  quantity  of  steam  flowing 
through  convergent  nozzles,  312. — Tesla,  N.,  Experiments  with 
modified  flows,  313. — Henderson,  J.  B.,  Scope  of  Paper,  313  ;  heat- 
conduction  effects,  314 ;  lateral  inertia  oscillations  and  oblique  waves, 
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31G;  two  possible  conditions  of  flow  in  expanding  portion  of  nozzle, 
317 ;  stringy  appearance  of  jet  of  steam,  318 ;  jet-reaction  method  of 
investigating  efficiency,  319 ;  relative  advantages  of  surface  and  jet 
condensers;  erosion  of  gun  steels,  320;  cordite  burns,  not  explodes, 
321 ;  Bendemann's  results;  velocity  of  gas  at  throat  of  nozzle,  322. 

FoRSTER,  A.,  Associate  Member  transferred  to  Member,  486. 

FossEY,  A.  H.,  elected  Graduate,  5. 

Froggatt,  F.,  Associate  Member  transferred  to  Member,  5. 

Fry,  L.  H.,  Remarks  on  Locomotive  Superheating  and  Feed-Water  Heating, 
415,  461. 

Gardiner,  J.,  elected  Associate  Member,  484. 

Garner,  W.  C,  elected  Graduate,  5. 

Gibson,   A.   H.,   Paper  on  Volute    Chambers    and    Guide-Passages,   519. — 

Remarks  thereon,  560. 
Gilbert,  D.,  elected  Graduate,  5. 
Gilbert,  G,,  elected  Associate  Member,  3. 
Glover,  J.  P.,  elected  Member,  3. 
Glover,  W.  A.,  elected  Associate  Member,  3. 
GoLDER,  J.,  Remarks  on  Modern  Condensing  Systems,  228. 
Goodyear,  D.  C,  elected  Associate  Member,  3. 
Goosey,  S.  W.,  elected  Associate  Member,  340. 

Governor  for  Water-Turbines,  Paper  by  P.  H.  Pitman,  565.— Improvements 
in  hydraulic  relay  governor ;  differential  governor  not  suitable  for  close 
speed-regulation,  565. — Floating  levers  in  general  use,  566 ;  lost  motion 
therewith,  567.— Author's  design  of  governor,  568 ;  advantage  of 
throttling  exhaust  instead  of  supply  to  valve ;  ball-bearings  necessary, 
570;  oil  for  relay,  571. — Action  of  hydraulic  governor,  571;  separate 
pilot-valve,  572 ;  good  results  from  author's  governor ;  gear  drive 
better  than  belts ;  governor  pendulum,  573 ;  relief-valve  for  prevention 
of  oscillation  of  pressure  ;  speed  regulation,  574.— Method  of  starting, 
575;  water  used  instead  of  oil  for  operating  governor  servomotor; 
fly-wheel  energy,  576. 
Graduates'  Lecture,  83.     Sec  Polarized  Light  and  Stress  Distribution. — 

Papers,  114.— Prizes,  115,  207. 
Graduateship  Examinations,  Regulations,  148,  150. 
Grantham,  J.  A.,  elected  Graduate,  341. 
Gray,  A.  C.,  Memoir,  632. 
Gray,  W.  H.,  elected  Associate  Member,  484. 
Green,  G.  W.  A.,  elected  Associate  Member,  484. 
Greeniiill,  Sir  G.,  Remarks  on  Flow  of  Steam  through  Nozzles,  272. 
Greenwood,  J.  D.,  elected  Graduate,  311. 
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Gresley,  H.  N.,  Remarks  on  Locomotive  Superheating  and  Feed-Water 

Heating,  441. 
Grindley,  J.  H.,  Remarks  on  Flow  of  Steam  through  Nozzles,  272. 
Groundwater,  W.  C.  P.,  elected  Associate  Member,  340. 
Guide-Passages  for  Centrifugal  Pumps,  519.     See  Volute  Chambers  and 

Guide-Passages. 
Guillemin,  C.  V.  H.,  elected  Associate  Member,  484. 
Gullen,  W.  B.,  elected  Associate  Member,  484. 
Gyton,  F.  G.,  elected  Associate  Member,  340. 

Ham,  F.  G.  S.,  Memoir,  632. 

Hamilton,  J.  A.,  Associate  Member  transferred  to  Member,  G. 

Harden,  G.  F.  St.  C,  Memoir,  326. 

Hardy,  T.  H.,  elected  Graduate,  341. 

Harnett,  W.  F.,  elected  Member,  3. 

Harrap,  L.  K.,  elected  Graduate,  341. 

Harris,  H.  E.,  Memoir,  633. 

Harrison,  C.  W.,  elected  Associate  Member,  484. 

Harwood,  E.  M.,  elected  Graduate,  341. 

Haswell,  W.  S.,  elected  Member,  339. 

Hawksley  Lecture,  110,  495. 

Heaton,  T.  T.,  elected  Member,  339. 

Hele-Shaw,  H.  S.,  re-elected  Member  of  Council,  171. 

Henderson,  F.  W.,  elected  Associate  Member,  340. 

Henderson,  J.  B.,  Paper  on  Theory  and  Experiment  in  the  Flow  of  Steam 

through  Nozzles,  253. — Remarks  thereon,  313. 
Herbert,  A.,  elected  Member  of  Council,  171. 
HiBBERT,  J.  P.  M.,  elected  Associate  Member,  484. 
HiGSON,  P.  R.,  elected  Associate  Member,  3. 
Hill,  A.  J.,  Remarks  on  Locomotive  Superheating  and  Feed-Water  Heating, 

442. 
HiLLER,  H.,  Memoir,  633. 

HiNGSTON,  W.  H.,  elected  Associate  Member,  484. 
HoBSON,  J.  W.,  elected  Associate  Member,  340. 
Hodgson,  W.,  elected  Graduate,  341. 

HoDSDON,  G.  C,  Associate  Member  transferred  to  Member,  103. 
HoLLOWDAY,  A.,  elected  Associate  Member,  3. 
HoLLOWDAY,  C.  v.,  elected  Graduate,  5. 
Hope,  J.  L.,  elected  Member,  339. 
HoPKiNSON,  B.,  Remarks  on  Indicators,  48. 
Houghton,  G.  0.,  elected  Associate  Member,  340. 
Houston,  T.  R,,  elected  Graduate,  485. 
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How,  S.  M.,  elected  Graduate,  185. 
Howard,  E.  J.,  elected  Graduate,  485. 
Howes,  W.,  elected  Associate  Member,  4. 
HoYLE,  J.  R.,  re-elected  Member  of  Council,  171. 
Hudson,  G.,  Associate  IMember  transferred  to  Member,  342. 
Hudson,  J.  H.,  Remarks  on  Flow  of  Steam  tbrougb  Nozzles,  274. 
Hughes,  C.  L.,  elected  Graduate,  341. 
.  Hughes,  G.,  Remarks  on  Locomotive  Superheating  and  Feed-Water  Heating, 

410. 
Hughes,  P.  H.,  elected  Graduate,  5. 
Hull,  J.  F.,  elected  Associate  Member,  340. 
HuMM,  G.  H.,  elected  Associate  Member,  484. 
Hunter,  G.  M.,  elected  Member,  339. 
HuRSTHOUSE,  D.  W.,  elected  Associate  Member,  3 10. 
HuTT,  A.  C,  elected  Associate  Member,  4. 

Iden,  W.  J.,  elected  IMember,  339. 

Indicators,  Paper  by  J.  G.  Stewart,  7. — Experiments  to  detect  errors  in 
indicators  carried  out  at  Birmingham  University,  7. — Deductions 
drawn  by  experimenters  from  results,  8. — Errors  found  to  be  greater 
than  expected  ;  friction  of  pencil,  9 ;  possibility  of  two  distinct  errors  ; 
Crosby  gas-engine  indicators  used  in  experiments,  10;  elimination  of 
errors  in  engine,  11. — Motion  of  the  pencil,  11. — Frictional  resistance 
to  the  motion  of  the  pencil,  11. — Experiments  to  determine  frictional 
resistance  to  motion  of  pencil,  13 ;  causes  of  variation  of  friction,  15 ; 
influence  of  pressure  of  working  fluid  in  indicator  cylinder,  IG. — 
Friction  in  the  pressure-indicating  mechanism  of  the  Hopkinson 
indicator,  19. — Irregularity  in  behaviour  of  indicators,  23 ;  effect  of 
vibration  of  engine,  24. — Experiments  to  determine  periodic  times  of 
oscillation  of  the  pencil,  25. — Other  sources  of  error  in  pressure 
indication,  2G. — Mechanism  for  recording  position  of  engine-piston,  28. — 
Inertia  of  moving  parts,  29. — Stretching  of  cord  or  wire,  29, — Frictional 
resistance  to  motion  of  drum,  31. — Theory  of  drum  motion,  31. — 
Experimental  determination  of  drum-motion  errors,  34. — Mechanism 
for  recording  displacement  of  engine-piston,  37. — Correction  of  diagrams 
in  Burstall's  tests,  38. — Design  of  indicators,  -10.-  -Appendix  I 
Oscillations  damped  by  forces  of  constant  amount,  '13. — Appendix  IT 
Calculation  of  periodic  time  of  oscillation  of  pencil,  44. — Ap]icndix  Til 
Theoretical  correction  of  an  indicator  diagram,  4G. 

Discussion. — Ellington,  1''.  13.,  Thanks  to  author,  48. — Hopkinson,  F>., 
Comparison  tests,  48,  overloading  of  springs,  50;  results  from  a  new 
instrument,  51 ;  small  deflection  of  spring,  52  ;   effect  of  vibration  of 
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engine ;  static  friction  and  dynamic  friction,  53 ;  types  of  indicators, 
56 ;  diagram  from  Crosby  indicator  ;  diaphragm  indicator,  57. — Tookey, 
W.  A.,'  Further  improvement  desirable,  58  ;  mechanical  efficiency  of 
engines,  59 ;  inaccuracies  due  to  design  of  reducing  gear ;  relative 
strength  of  spring,  GO ;  Dobbift  Mclnnes  indicator  faster  than  other 
types,  61. — Watson,  W.,  Diaphragm  indicator,  62  ;  deformation  in  base 
of  instrument,  63. — Spencer,  H.  W.,  Suggested  improvements  in  pencil 
lever  indicators,  63 ;  different  results  from  similar  indicators,  64 ; 
errors  arising  from  drum  spring  and  cord  stretching ;  position  of  ball 
on  string ;  piston  leakage,  65. — Smith,  R.  H.,  Importance  of  suitable 
connecting  gear  to  drum,  66;  constant  frictional  force,  67;  errors  due 
to  pencil  friction,  68 ;  bending  of  pencil  lever  due  to  oscillation,  69 
diaphragm  indicator,  70. — Stewart,  J.  G.,  Lubrication ;  quality  of 
pencils  used,  71 ;  variation  of  temperature  on  surface  of  diaphragm 
indicator,  72. 

Communications. — Ness,  G.,  Errors,  72;  neutralization  of  errors; 
atmospheric  line,  73. — Royds,  R.,  Tests  made  with  air-pressure  only, 
74 ;  tight-fitting  pistons ;  astonishing  results  from  testing  with 
superheated  steam,  75. — Stewart,  J.  G.,  Elimination  of  error  from 
friction,  75;  errors  in  Crosby-Hopkinson  tests  due  to  friction,  76; 
electrical  method  of  testing,  77  ;  reasons  for  different  results  in  tests, 
78 ;  effective  diameter  of  indicator  piston ;  variation  of  lost  work  in 
engines,  79 ;  neutralization  of  errors  ;  viscosity  of  lubricant,  80. 

Ingham,  J.  H.,  elected  Associate  Member,  484. 

Institution  Building  Extensions,  108. 

Institution  Dinner,  487. 

Irwin,  R.  S.,  elected  Associate  Member,  4. 

Jackson,  G.  J.  F.,  elected  Associate  Member,  340. 

Jamieson,  J.  A.,  elected  Graduate,  485. 

January  Meeting,  1913,  Business,  1. 

Jenkins,  D.  N.,  elected  Associate  Member,  484. 

Johnson,  A.,  Associate  Member  transferred  to  Member,  342. 

Johnson,  G.  K.,  elected  Graduate,  485. 

Johnson,  H.,  Memoir,  634. 

Johnson,  S.  B.,  elected  Graduate,  341. 

Jones,  G.  C,  elected  Graduate,  5. 

Jordan,  H.  M.,  elected  Graduate,  5. 

Jude,  a.,  Remarks  on  Flow  of  Steam  through  Nozzles,  284. 

Kelvin,  Lord,  Memorial  to,  107. 

Kennedy,  Sir  A.  B.  W.,  Proposed  vote  of  thanks  to  President  for  Address,  514. 


C52  INDEX.  Ai'lui.  1913. 

Keyms,  T.  B.,  elected  Member,  339. 
Kitchener,  H.  T.,  elected  Associate  Member,  4. 
KiTCHiNG,  J.,  JuN.,  elected  Associate  Member,  4. 
Knox,  R.  G.,  elected  Associate  Member,  340. 

Lakin-Smith,  C,  Associate  Member  transferred  to  Member,  6. 

Landon,  R.  W.,  elected  Associate  Member,  484. 

Larkin,  G.  F,,  elected  Associate  Member,  484. 

Layard,  a.  R.,  elected  Graduate,  485. 

Leach,  B.  H.,  elected  Associate  Member,  484. 

Lecture,  "  Thomas  Hawksley,"  110,  495. 

Lecture  to  Graduates,  by  E.  G.  Coker,  83. 

Lee,  G.  a.,  elected  Associate  Member,  484. 

Leproy,  C.  E.,  elected  Associate  Member,  340. 

Legg,  0.  S.,  elected  Graduate,  5. 

Leighton,  L.,  elected  Associate  Member,  4. 

Lelean,  W.  a.,  Remarks  on  Locomotive  Superheating  and  Feed- Water 
Heating,  439. 

Lester,  N.  H.  R.,  elected  Graduate,  485. 

Lester,  W.  H.  D.,  elected  Associate  Member,  484. 

Lever,  J.,  Memoir,  G35. 

Library,  Donations  during  1912,  126-14C. 

Lloyd-Evans,  B.  J.,  elected  Graduate,  5. 

Locomotive  Superheating  and  Feed-Water  Heating,  Paper  by  F.  H. 
Trevithick  and  P.  J.  Cowan,  345. — Logical  development  of  larger  boilers, 
345  ;  relative  amount  of  heat  utilized  and  lost  at  different  rates  of  firing, 
34G ;  relation  of  draught  to  rate  of  firing,  348  ;  relation  of  smoke-box 
temperatures  and  draught  to  rate  of  firing,  349 ;  relation  of  vsreight  of 
cinders  passing  through  boiler-tubes  to  rate  of  firing,  350 ;  relation  of 
calorific  value  of  cinders  passing  through  boiler-tubes  to  rate  of  firing, 
352. — Reduction  of  boiler  losses,  353. — Feed-water  heating,  353  ; 
saturated  steam  boiler  output  necessary  with  various  conditions  of  feed, 
355. — Superheating,  35G  ;  waste-gas  superheating  beneficial,  358. — 
Relation  of  steam  consumption  and  superheat,  358. — Coal  consumption  : 
various  combinations  of  feed-water  heating  and  superheating,  359; 
economy  of  feed-heating  to  270°  F.,  300. — High-degree  feed-water 
heating,  3G1 ;  heat  supplied  when  feed-heating  to  270°  F.,  3G2; 
coal  saving  and  thermal  saving  of  food-heating  with  pump  supply 
compared  v/ith  injector  feed,  3G3  ;  coal  consumption  per  mile,  3G4 ; 
coal  consumption  per  ton-mile,  3G5  ;  trials  of  foed-heater  and  non- 
heater  engines,  3GG ;  service  working  of  same  engines,  3C7. — Moderate- 
degree  fecd-hcatiug  and  moderate   superheating  by  waste  gases,  308  ; 
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heat  supplied  under  same  conditions,  369 ;  economy  of  feed-heating  to 
210°  F.  combined  with  superheating  by  waste  gases  to  85°  F.,  370 ;  trials 
of  moderate  feed-heating  combined  with  moderate  superheating,  372. — 
Upper  Egypt  express  trials  :  average  results  for  separate  sections,  374  ; 
train  loads,  375. — High-degree  feed-heating  and  high-degree  superheating, 
376. — Economical  features  of  the  systems  :  blast,  378 ;  reduction  in  loss 
of  unburnt  coal,  379 ;  reduction  in  smoke-box  temperatures,  380. — 
Economy  and  permissible  engine  weight,  381. — Additional  power,  382. 
— Practical  features,  385.— Appendix  I :  Development  of  heaters,  389 ; 
Type  A,  391 ;  Type  B,  392 ;  Type  G,  397 ;  Type  D,  400.— Appendix  II : 
Costs,  401 ;  life,  deterioration,  etc.,  403. — Additional  power,  404. 

Discussion  on  lUh  March.  —  Donaldson,  Sir  H.  F.,  Thanks  to 
authors,  405. — Churchward,  G.  J.,  Experiments  on  existing  engines, 
405  ;  new  design  of  locomotive  required ;  necessity  for  economy  with 
coal;  loss  from  unburnt  fuel,  406;  exhaust-steam  injector  for  heating 
feed-water,  407  ;  reduction  of  wear  in  boilers ;  lubrication  troubles  from 
high  superheating ;  difficulty  of  obtaining  comparative  figures,  408 ; 
waste  heat  from  smoke-boxes,  409. — Hughes,  G.,  Complications  of 
Egyptian  engines ;  horse-power  depends  on  amount  of  steam  produced, 
410 ;  percentage  improvement  obtained  by  use  of  superheater,  411 ;  six 
conditions  dealt  with  in  Paper;  savings  obtained  from  high  feed  at 
270°  F.,  and  feed  at  210°  F.  with  moderate  superheat,  412;  coal 
consumption  per  ton-mile  with  simple  and  compound  engines;  oil 
troubles  with  exhaust-injectors,  413. 

Discussion  on  3rd  April.— Fry,  L.  H.,  Efficiency  and  rate  of  firing 
depends  upon  quality  of  coal,  415 ;  comparative  costs  of  compound  and 
simple  engine,  417  ;  life  of  feed-water  heaters ;  pitting  of  tubes,  418. — 
Cooke,  C.  J.  B.,  Maintenance  of  boiler  efficiency  with  complicated  heater 
pipes;  effect  of  spark  arresters,  420;  economy  of  superheaters; 
experimental  locomotives  for  trial  on  various  railroads,  421 ;  design  of 
test  locomotive,  422. — Wingfield  C.  H.,  Economy  resulting  from 
reduction  of  rate  of  firing,  422  ;  "  virtual  increase  "  of  blast-nozzle  due 
to  condensation  in  feed-heaters,  423 ;  effect  of  conical  cones  on  draught, 
425;  law  connecting  rate  of  combustion  with  loss  by  sparks  and 
cinders  ;  loss  in  unburnt  fuel,  426 ;  fitting  of  tubes,  427  ;  straight-line 
law  of  gain  due  to  superheat,  428.— Marsh,  D.  E.,  Corroboration  of 
results  required,  429;  feed -water  heating  by  condensation,  430; 
straight-line  law  of  gain  due  to  superheat,  431. — Weir,  W.,  Economies 
derived  from  reduction  of  unburnt  fuel  losses,  432  ;  three  alternative 
economy  methods,  433  ;  pump-fed  boiler  superior  to  injector-fed  boiler  ; 
risks  of  breakdown,  434.  —  Smith,  J.  W.,  High  smoke-box  vacuum, 
435 ;    fan   used   instead   of  blast-pipe ;    exhaust  -  steam   heating,   436  ; 


654  INDEX.  April  1913. 

"  Jonathan  "  valve ;  waste  gases,  437  ;  maximum  workable  temperature ; 
pump  versus  injector  feed,  438. — Lelean,  W.  A.,  Conclusions  derived 
from  Indian  experience,  439 ;  redistribution  of  weights ;  reduction  of 
boiler  pressure  by  use  of  superheater,  440.— Gresley,  H.  N.,  Maximum 
workable  temperature  ;  law  economy  from  exhaust  injectors ;  dampers, 
441 ;  test  experiments  not  always  reliable,  442. — Hill,  A.  J.,  Efficiency 
of  steam  generation,  442 ;  slide-valves  with  superheaters ;  difdculties 
attending  use  of  trial  engine,  443. — Stanier,  W.  A.,  Size  of  cylinders 
and  blast-pipes  af!ects  steaming  capacity  of  boiler  ;  effect  of  temperature 
of  superheated  steam  on  lubrication,  444 ;  slide-valves  used  with 
superheated  steam,  445. — Cowan,  P.  J.,  Loss  in  unburnt  coal,  445 ; 
trial  locomotive ;  Youghiogheny  coal,  446 ;  additional  weight  on 
locomotive  ;  economy  percentage,  448  ;  diagrams  of  performances  with 
American  engines,  449-452 ;  benefit  of  large  nozzles  and  low  back- 
pressures, 452 ;  boiler  repairs,  454 ;  coal  used  on  tests,  455 ;  relative 
advantage  of  high  and  low  superheat,  456  ;  type  of  superheater  used  in 
this  country,  457 ;  piston-valve  and  slide-valve  engines,  458  ;  life  of 
tubes  depends  on  circumstances  ;  overcrowding  of  smoke-box,  459. 

Communications. — Ahrons,  E.  L.,  Quality  of  water  used  ;  lubricators, 
461. — Fry,  L.  H.,  Loss  in  unburnt  coal,  461. — Manson,  J.,  Economy 
percentage,  464 ;  comparative  tests  of  superheaters  and  feed-water 
heaters  against  simple  engines ;  measurement  of  water  consumption, 
465. — Metcalfe,  J.,  Tests  of  injectors,  467;  cleaning  of  tubular  heaters, 
468. — Beid,  H.,  Saving  in  steam  consumption  and  boiler  repairs,  469. — 
Rowland,  W.,  Losses  due  to  unburnt  fuels,  470;  main  objection  to 
tubular  exhaust-heater,  471  ;  smoke-box  feed-water  heater  unnecessary, 
472. — Twinbcrrow,  J.  D.,  Waste -heat  recovery,  473;  formula  for 
compiling  mileage  rates,  474  ;  position  of  heaters,  476.  —  Trevithick, 
F.  H.,  and  Cowan,  P.  J.,  Hardness  of  Nile  water ;  type  of  exhaust- 
steam  injector,  477 ;  hcatcr-cngino  blast-pipes  larger  than  those  in  non- 
hcatcr  engines ;  highest  average  feed  temperatures,  479. — Trevithick, 
F.  H.,  Later  arrangement  of  heater  and  attachments,  480. 

LoGiE,  D.  G.,  elected  Associate  Member,  484. 

LoNGWOETH,  D.,  Memoir,  327. 

LoxDALE,  J.  J.  H.,  elected  Associate  Member,  484. 

Lynden-Lester,  a.,  elected  Associate  Member,  340. 

McCallum,  E.  a..  Associate  Member  transferred  to  Member,  486. 

McGuFFiE,  H.  A.,  elected  Member,  3. 

Mackie,  W.,  elected  Member,  339. 

McLean,  K.  A.,  re-appointed  to  audit  Institution  Accounts,  177. 

MAcLENNAii,  A.,  Associate  Member  transferred  to  Member,  480. 
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McTuEK,  A.  G.,  Associate  Member  transferred  to  Member,  486. 

Mair,  G.  p.,  Remarks  on  Modern  Condensing   Systems,  227  :—  on  Volute 

Chambers  and  Guide-Passages,  544. 
Maitland,  C,  elected  Member,  339. 
Mallock,  K.  C,  elected  Associate  Member,  484. 
IMalpas,  A.  E.,  Associate  Member  transferred  to  Member,  486. 
Malyon,  F.  W.,  elected  Associate  Member,  4. 
ManniinG,  G.  a.,  elected  Graduate,  341. 
Maksell,  L.  T.  G.,  elected  Associate  Member,  484. 
Manson,  J.,  Remarks  on  Locomotive  Superheating  and  Feed-Water  Heating, 

464. 
March  Meeting,  1913,  Business,  337. 
Maesh,   D.   E.,   Remarks   on    Locomotive    Superheating    and    Feed- Water 

Heating,  429. 
Mason,  H.,  elected  Member,  339. 
Mason,  J.  B.,  elected  Member,  339. 
Mathee,  L.  E.,  elected  Associate  Member,  340. 
Mathews,  G.  F.,  elected  Member,  339. 
Matthews,  R.,  re-elected  Member  of  Council,  171. 
Mattick,  V.  A.,  elected  Associate  Member,  484. 
Maul,  G.  B.,  elected  Graduate,  485. 
Maw%  H.,  Memoir,  635. 
Maw%  W.  H.,  Proposed  Vote  of  Thanks  to  retiring  President,  173.— Seconded 

Vote  of  Thanks  to  President  for  Address,  416. 
Mayees,  E.  W.,  elected  Graduate,  341. 

Measueing  Machine,  Electrical,  579.     See  Electrical  Measuring  Machine. 
Mechanical  Engineering  Abstracts,  113. 
Meetings,   1913,   January,   1. — Annual   General,  103. — March,    337. — April, 

343,  483. 
Mell,  S.  T.,  Associate  Member  transferred  to  Member,  103. 
Mellanby,  a.  L.,  Remarks  on  Flow  of  Steam  through  Nozzles,  295. 
Memoies  of  Members  recently  deceased,  323,  631. 
Mensfoeth,  H.,  Associate  Member  transferred  to  Member,  6. 
Metcalfe,    J.,    Remarks    on    Locomotive    Superheating    and    Feed-Water 

Heating,  467. 
Mitchell,  P.  J.,  elected  Member,  483. 
MoLYNEUX,  W.,  elected  Associate  Member,  484. 
Montagu,  A.  M.  R.,  elected  Graduate,  5. 

Montague,  G.,  Associate  Member  transferred  to  Member,  103. 
MooRHOUSE,  S.,  elected  Member,  339. 
MoRisoN,  D.  B.,  re-elected  Member  of  Council,  171. 
Moeley,  T.  B.,  Remarks  on  Flow  of  Steam  through  Nozzles,  298. 
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MoERELL,  G.  M.,  Lieut.  R.E.,  elected  Associate  Member,  4. 

]\IoRRisoN,  J.  S.,  elected  Member,  339. 

Morton,  D.  A.,  elected  Member,  339. 

MosDEN,  F.  C,  Associate  Member  transferred  to  INIember,  486. 

MuNTZ,  Sir  G.  A.,  Bart.,  elected  Member  of  Council,  171. 

MuRCiANO,  R.  F.,  elected  Graduate,  342. 

Nelson,  G.  H.,  elected  Associate  Member,  4. 

Ness,  G.,  Remarks  on  Indicators,  72. 

Newall,  J.  F.,  elected  Member,  3. 

NiCHOL,  J.  0.,  elected  Associate  Member,  4. 

NOBBS,  W.  W.,  elected  Associate  Member,  340. 

NooNAN,  L.  F.,  elected  Associate  Member,  4. 

Norfolk,  T.  L.,  elected  Member,  339. 

NoRRis,  R.  N.  B.,  elected  Associate  Member,  340. 

NosRAT,  M.  R.,  elected  Graduate,  485. 

Nozzles,  Flow  of  Steam  through,  253.     See  Flow  of  Steam  through  Nozzles. 

OcKENDEN,  M.  A,,  Associate  Member  transferred  to  Member,  342. 
Odell,  R.  F.,  elected  Graduate,  485. 
Oldfield,  F.  W.,  elected  Member,  339. 
OssoRio,  J.  J.,  elected  Graduate,  485. 
OxBROW,  C.  E.,  Memoir,  328. 

Paget,  F.,  elected  Graduate,  5. 

Pain,  T.  A.,  elected  Associate  Member,  340. 

Parsons,  B.  F.,  elected  Graduate,  5. 

Patchell,  W.  H.,  appointed  Member  of  Council,  338. 

Paterson,  R.,  elected  Associate  Member,  340. 

Patrick,  A.,  elected  Associate  Member,  340. 

Pearce,  T.,  elected  Associate  Member,  4. 

Penn,  W.  C,  Memoir,  G3G. 

Pettit,  W.  R.,  Associate  Member  transferred  to  ]\romber,  103. 

Pitman,  P.  II.,  Paper  on  an  Improved  Governor  for  Water-Turbines,  565. 

Polarized  Light  and  Stress  Distribution,  Lcciiirc  by  E.  G.  Coker,  83.— 
Difficulty  of  calculating  stresses,  83  ;  importance  of  small-scale 
experiments;  effect  of  stress  on  transparent  bodies,  84;  ductility  of 
nitro-celluloses ;  stress  intensity  determined  by  colour  bands  ;  table  of 
tension  and  compression  stresses  corresponding  to  a  given  colour,  80. — 
Effect  of  a  notch  on  a  beam ;  effect  of  general  stress  system  in  a  piano, 
87;  effect  on  piping,  88;  on  links  of  a  chain,  89;  on  a  hook,  90. — 
Determination  of  principal  strossos,  91 ;  apparatus  for  testing  thom,  92. 
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— Lines  of  principal  stress,  94. — Shear  stress,  96 ;   transparent  material 

becomes  opaque  at  breakdown  point,  100. 

Donaldson,  Sir  H.  F.,   Thanks   for   Lecture,  101. — Duncan,  M.  G., 

Thanks  to   Chairman,  102. — Donaldson,  Sir  H.  F.,  Acknowledgment, 

102. 
Poole,  G.  E.,  elected  Associate  Member,  340. 
POYNTING,  A.,  elected  Associate  Member,  4. 
President's  Address,  493.     See  Address  by  the  President. 
Price,  F.  C,  elected  Associate  Member,  4. 
Price,  J.  T.,  elected  Associate  Member,  4, 
Price,  0.  A.,  Remarks   on   Modern   Condensing   Systems,  239: — on   Voluta 

Chambers  and  Guide-Passages,  545. 
Proudman,  S.  S.  T.,  elected  Associate  Member,  340. 
Pumps,    Centrifugal,    Volute     Chambers     and    Guide-Passages    for,    519. 

See  Volute  Chambers  and  Guide-Passages. 

Rahman,  F.,  elected  Graduate,  485. 

Rankine,  W.,  elected  Associate  Member,  484. 

Reid,  The  Right  Hon.  Sir  G.  H.,  G.C.M.G.,  Remarks  at  Institution  Dinner, 

490. 
Reid,  H.,  Remarks  on  Locomotive  Superheating  and  Feed-Water  Heating, 

468. 
Report  op  Council,  Annual,  105.     See  Council,  Annual  Report. 
Research,  Alloys,  109: — Double  Carbides  of  Fe,  W,  and  N,  109: — Subjects 

for,  110: — Suggested  Engineering  Research,  512. 
Richardson,  H.,  elected  Associate  Member,  4. 
RiCKWooD,  H.  J.,  elected  Associate  Member,  484. 
Robertson,  H.  L.,  elected  Associate  Member,  4. 
Robinson,  E.  A.,  elected  Graduate,  485. 

Robinson,  M.,  Remarks  on  Modern  Condensing  Systems,  223. 
Rogers,  G.  D.,  elected  Associate  Member,  484. 
Roose,  F.  0.  J.,  Associate  Member  transferred  to  Member,  486. 
Rose,  B.  A.,  elected  Graduate,  5. 
Ross,  C,  elected  Associate  Member,  4. 
Ross,  J.  R.,  Memoir,  328. 

RowELL,  H.  S.,  Remarks  on  Flow  of  Steam  through  Nozzles,  300. 
Rowland,    W.,    Remarks    on    Locomotive    Superheating    and    Feed-Water 

Heating,  470. 
RoYDS,  R.,  Remarks  on  Indicators,  74 : — on  Modern  Condensing  Systems,  243. 
Rudgard,  H.,  elected  Associate  Member,  484. 
Ruffle,  C.  F.  S.,  elected  Graduate,  5. 
Russell,  R.  M.,  Memoir,  329. 

2   Y 
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Sage,  L,,  elected  Associate  Member,  4. 

Samuel,  The  Right  Hon.  H.,  M.P.,  Remarks  at  Institution  Dinner,  489. 

Sankey,  Capt.  H.  R.,  Remarks  on  Modern  Condensing  Systems,  219,  226. 

Saunders,  S.  McI.,  elected  Associate  Member,  340. 

Saxby,  J.,  Memoir,  637. 

ScANES,  A.  E,  L.,  Paper  on   Modern   Condensing   Systems,  179. — Remarks 

thereon,  228,  246. 
ScHOFiELD,  F.  J.,  elected  Associate  Member,  4. 
Schuster,  F.  M.  N.,  elected  Associate  Member,  484. 
ScHWANHAUSSER,  W.,  elected  Member,  339. 
Scott,  J.,  elected  Member,  339. 
Seed,  P.  W.,  elected  Graduate,  485. 
Seely,  The  Right  Hon.  Col.  J.  E,  B.,  M.P.,  Remarks  at  Institution  Dinner, 

490. 
Sharp,  S.,  Seconded  re-appointment  of  Auditor,  177. 
Shaw,  C.  M.,  Associate  Member  transferred  to  Member,  486. 
Shaw,  F.  W.,  elected  Graduate,  342. 
Shaw,  P.  E.,  Paper  on  an   Electrical   Measuring   Machine,  579. — Remarks 

thereon,  627. 
Shearman,  J.,  Jun.,  elected  Associate  Member,  340. 
Shebbeare,  F.  W.,  elected  Associate  Member,  484. 
Sheppard,  H.,  elected  Associate  Member,  340. 
Shuttle  WORTH,  Col.  F.,  Memoir,  330. 
SiMCOCK,  P.,  Associate  Member  transferred  to  Member,  6. 
Simpson,  J.  F.,  elected  Member,  339. 
Sims,  G.  P.  W.,  elected  Associate  Member,  340. 
Shilling,  F.  G.,  elected  Associate  Member,  4. 
Smith,  D.,  Associate  Member  transferred  to  Member,  6. 
Smith,  J.,  elected  Associate  Member,  340. 
Smith,    J.    W.,   Remarks    on    Locomotive    Superheating    and    Feed-Water 

Heating,  435,  439. 
Smith,  L.  V.,  elected  Associate  Member,  4. 
Smith,   R.   H.,   Remarks  on   Indicators,   66 : — on  Flow  of  Steam   through 

Nozjiles,  305  : — on  Volute  Chambers  and  Guide-Passages,  556. 
Smith,  S.  A.,  elected  Associate  Member,  484. 
Si'ENCER,    Jl.    W.,    Remarks    on    Indicators,    63,    64.— Associate    Member 

transferred  to  Member,  486. 
Si'iiATT,  E.  ]£.,  elected  Associate  l\Tomber,  340. 
Stanbuiiy,  L.  0.,  elected  Graduate,  485. 
Stanieu,  J.  ]I.,  elected  Associate  Member,  340. 
Stanier,   W.   A,,   Remarks   on   Locomotive   Superheating  and   Feed-Water 

Heating,  444. 


il 
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Stanley,  C.  R.,  elected  Graduate,  5. 

Stapleton,  a.  B.,  elected  Graduate,  5. 

Starley  Premium  Fund,   Accounts,  121. — Regulations   for  Second  Award, 

122. 
Steam,  Flow  through  Nozzles,  253.     See  Flow  of  Steam  through  Nozzles. 
Steele,  K,  Memoir,  638. 
Stevenson,  A.  D.,  elected  Member,  3. 

Stewart,  J.  G.,  Paper  on  Indicators,  7. — Remarks  thereon,  61,  64,  71,  75. 
Stodola,  a..  Remarks  on  Flow  of  Steam  through  Nozzles,  310. 
Stress  Distribution,  Applications  of  Polarized  Light  to  problems  of,  83. 

See  Polarized  Light  and  Stress  Distribution. 
Strong,  H.,  elected  Associate  Member,  434. 
Stuckenschmidt,  F.  G.,  elected  Associate  Member,  4. 
Summer  Meeting,  Belfast,  1912,  110. 
Superheating   op  Locomotives,  345.     See  Locomotive   Superheating  and 

Feed-Water  Heating. 
Sutcliffe,  I.,  Associate  Member  transferred  to  Member,  486. 
SwARBRiCK,  F.,  elected  Associate  Member,  4. 
SwiNSON,  W.  C,  elected  Associate  Member,  4. 

Tangye,  J.,  Memoir,  639. 

Taylor,  G.  H.,  elected  Associate  Member,  4. 

Taylor,  H.  G.,  elected  Associate  Member,  4. 

Taylor,  N,,  elected  Member,  483. 

Tesla,  N.,  Remarks  on  Flow  of  Steam  through  Nozzles,  313. 

Thatcher,  I.  J.,  elected  Associate  Member,  341. 

Thiselton-Dyer,  G.  H.,  elected  Associate  Member,  4. 

Thomas,  H.  B.,  Associate  Member  transferred  to  Member,  103. 

"  Thomas  Hawksley  Lecture,"  110,  495. 

Thomlinson,  R.,  elected  Associate  Member,  341. 

Thomsen,  T.  C,  elected  Associate  Member,  341. 

Thomson,  W.  G.  H.,  elected  Associate  Member,  4. 

Tookey,  W.  a.,  Remarks  on  Indicators,  58,  61. 

TowNEND,  H.,  elected  Graduate,  342. 

Transferences  of  Associate  Members,  etc.,  to  Members,  5,  103,  342,  486. 

Tremearne,  W.  C,  elected  Associate  Member,  485. 

Trevithick,  F.  H.,  Paper  on  Some  Effects  of  Superheating  and  Feed-Water, 

Heating  on  Locomotive  Working,  345. — Remarks  thereon,  477,  480. 
TuppEN,  G.  L.,  elected  Associate  Member,  485. 
Tuppen,  H.  R.,  elected  Graduate,  5. 
Turbines,  Water-,  Governor  for,  565. 
Turner,  H,  L.,  elected  Associate  Member,  4. 
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TwiNBERROw,  J.  D.,  Remarks  on  Locomotive  Superheating  and  Feed-Water 
Heating,  473. 

Unwin,  W.  C,  Seconded  Resolution  amending  By-laws,  168. 
Urquhart,  G.,  elected  Associate  Member,  341. 

Vandell,  H.  L,  electe-d  Graduate,  485. 

Vanston,  J.  M.,  elected  Associate  Member,  341. 

Volute  Chambers  and  Guide-Passages,  Paper  on  the  Design  of  Volute 
Chambers  and  of  Guide-Passages  for  Centrifugal  Pumps,  by  A.  H. 
Gibson,  519.— Loss  due  to  conversion  of  kinetic  energy  into  pressure 
energy ;  efficiency  of  guide-vanes,  519. — Experiments  at  University 
College,  Dundee,  520. — Experimental  determination  of  Impact  Losses, 
522. — Application  to  the  design  of  volute  chambers,  524. — Proportion  of 
kinetic  energy  of  discharge  which  may  be  converted  into  pressure 
energy,  531.—  Determination  of  0  in  case  of  Pump,  532. — Experimental 
results,  534. — Comparison  between  modern  types  of  volute  and  those 
designed  by  foregoing  analysis,  535. — Design  of  Guide-Passages  for 
Turbine-Pumps,  539. 

Discussion. — Attack,  A.  M.,  Type  of  volute  for  dock  pumps,  etc.,  542; 
efficiency  of  volute,  543  ;  tendency  to  form  circulatory  currents  at  back 
of  impeller-vanes  at  outlet,  544. — Mair,  G.  P.,  Elimination  of  variables 
in  centrifugal  pumps,  544 ;  modification  of  author's  formula  necessary, 
545. — Price,  0.  A.,  Relation  between  peripheral  area  of  impeller  and 
area  of  volute,  545 ;  author's  design  depends  on  two  assumptions ; 
flow  of  water  in  experimental  jets  and  in  centrifugal  pump,  546 ; 
considerations'arising  therefrom,  547 ;  flow  through  centrifugal-pump 
impeller,  551;  modern  practice,  552;  gradations  of  pressure  and  velocity 
from  vane  to  vane,  553. — Smith,  R.  II.,  Professor  Inokuty's  theory, 
556. — Whyto,  A.  L,,  Losses  ignored  by  pump  designers,  558.-  Gibson, 
A.  H.,  Object  of  Paper  to  reduce  loss  from  shock  in  centrifugal  pump  ; 
velocity  of  flow  in  delivery  pipe,  5G0 ;  highest  officioncios  obtained  when 
actual  volute  agreed  closely  with  calculated  "  best  "  volute,  562  ;  losses 
in  volute,  563. 

Walker,  C.  A.,  elected  Associate  Member,  4. 
Waller,  A.,  elected  Associate  Member,  341. 
Wallis,  W.  J.,  elected  Graduate,  342. 
Ward,  A.  M.,  elected  Associate  Member,  341. 
Ward,  W.  A.,  elected  Associate  Member,  485. 
Waring,  H.,  Memoir,  330. 
Warner,  H.  M.,  Memoir,  331. 
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Watee    Arbitration    Prize    Fund,    Award,    108,    171. — Accounts,    120. — 

Regulations  for  Fourth  Award,  123. 
Water-Turbines,  Governor  for,  565. 
Watson,  W.,  Remarks  on  Indicators,  62. 
Webb,  H.,  elected  Associate  Member,  485. 
Weir,  W.,  Remarks  on  Locomotive  Superheating  and  Feed- Water  Heating, 

432. 
Welham-Clarke,  p.,  elected  Associate  Member,  341. 
Westwood,  E.  H.  W.,  elected  Associate  Member,  485. 
Whitaker,  G.  B.,  elected  Graduate,  342. 
White,  A.  E.,  elected  Associate,  4. 
White,  T.  E.  S.,  elected  Associate  Member,  4. 
White,  Sir  W.  H.,  K.C.B.,  Decease,  337.— Memoir,  332. 
Whyte,  a.  L.,  Remarks  on  Volute  Chambers  and  Guide-Passages,  558. 
WiLDY,  E.  L.,  elected  Graduate,  5. 
WiLKiNS,  F.  T.,  elected  Graduate,  5. 
Wilkinson,  A.,  elected  Associate  Member,  4. 
WiLLANS  Premium  Fund,  Award,  103,  171. — Accounts,  120. — Declaration  of 

Trust,  124. 
Wilson,  E.  M.,  elected  Associate  Member,  485. 
WiNGFiELD,  C.  H.,  Remarks  on  Locomotive  Superheating  and  Feed- Water 

Heating,  422  : — on  Electrical  Measuring  Machine,  627. 
Witten,  T.  a.,  elected  Graduate,  485. 

WoLSTENHOLME,  W.,  Associatc  Member  transferred  to  Member,  6. 
WooD,R.  T.,  elected  Graduate,  342. 
Woodward,  G.  D.,  elected  Graduate,  485. 
Wright,  H.,  elected  Associate  Member,  485. 
Weight,  T.  H.,  elected  Associate  Member,  485. 

Young,  C.  A.,  elected  Graduate,  342. 
Young,  F.,  elected  Associate  Member,  341. 
Yule,  J.  A.,  elected  Member,  3. 
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POLARIZED    LIGHT    AND     STRESS    DISTRIBUTION.       Plate  i. 

Fig.  2.     Colour   Effects  p7-oduccd  by  Simple  Teus/oual  Stress 

in  a  plate  of  transparent  ??taterial. 
The  loads  are  in  the  proportions  given  in  the  Table  [page  S6). 


Fig.  3.     Beam  subjected  to  Uniform  Bending  Moment. 


Fig.  4.     Notclted  Beam  subjected  to  Unifo7-7?i  Bending  Moment. 


Mechanical  Engineers  igij. 


POLARIZED     LIGHT     AND     STRESS     DISTRIBUTION.      Plate  2. 


Fig.  5.     Tico  equally  stressed  Tension 

Members  crossitig  at  right  angles  to 

show   the   (lark  Jield  produced  in  the 

area  common  to  both. 


Fig.  6.     A  Compression  Member  c?'oss- 

ing  an  equally  stressed  Tension  Me?nber 

at  right  angles,  and  shoiving  a  doubled 

colour  effect  in  the  common  area. 


Fig.  7.  A  Compression  Member  ift 
line  with  a  Tension  Member  aiid partly 
covering  it  to  shoiv  thai  equal  unlike 
st7'esses  in  the  same  direction  produce 
a  da7-k  field. 


Fig.  8.     Thick    Cylinder   subjected   to 
intej-nal  Fluid-Pressure. 


Fig.  9.     Distributio7i  of  St?'ess  i?i  the 
thick  Cylijtder  of  Fig.  8. 
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POLARIZED     LIGHT     AND     STRESS     DISTRIBUTION.      Plate  3. 

Fig.  10.  Thick  Cy//?idc?'  subject rd  to 
internal  Fluid- P?'essjtf'e  cove?-i?ii(  a 
similar  cylinder  subjected  to  extertial 
Fluid-Pressure.  The  optical  effect 
sJiozvs  that  the  Stress  Distributions  are 
very  si)nilar,  and  the  black  cross  that 
the  principal  stresses  are  circumfer- 
ential and  radial. 


Fig.   1 1 .     Cylinder'  showing  great  in- 
tensity of  Stress  at  the  bou7ida7y  of  a 
cylindrical  flaw. 


Fig.  12.     Circular  J Jnk  of  rectangular  cross-section  u?ider  Tensional  Stress, 
and  the  Stress  Distribution  at  the  horizontal  cross-sections. 


Fig.  13.     Circular  Hook  of  rectangular  cross-section, 
and  the  Stress  Distribution  at  the  principal  c?'Oss-sectioii. 
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POLARIZED     LIGHT     AND     STRESS     DISTRIBUTION.     Plate  4. 

Fig.  14.      -i^i-shaped  Section 

IV I  ill  iiie  long  sides  squeezed 

togeiJiei'. 


Fig.  1 7 A.      Notched    Tension 

Member    viewed    in    plane 

polarized  light. 

Fig.  17B.     Lijies  of  equal  in- 
clination  and    directio7is    of 
the  axes  of  Stress. 

Fig.  17c.     Li7ies  of  priftcipal 
Stress. 

Fig.  17c. 


Fig.  17A. 


Fig.  17B. 


Fig.  22.  Model  of  a  B?-acket  loaded 
imtil  failure  occurs  on  the  lozver 
side. 


Fig.  21.     Shea?-ed  Plate 
2"  X  I"    showing    double 
stress  7naxi)iia  and  (II)  the 
same  plate  reduced  to  i"  x  ^" 
showing  a  central  maxiTnujn 
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MODERN    CONDENSING    SYSTEMS.  Plate  5. 

Turbine  Driven  CirciiJatino  ami  Extraction  Pumps,  Pcnalta  Colliery. 

{Wcsfhigliowic.} 
Diify  S2.000  lb.  steam  A'/-  hour,  27-5"  vacuum  with  ivatev at  72°  F. 
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FLOW    OF    STEAM    THROUGH    NOZZLES.  Plate.   6 


Fig.  3. 

Nozzle  of  5  mm.  bore, 

eroded     by     cordite 

gases  to  about  20 mm. 

bore. 


F\ii.    4.     Plaster-cast  of  tlic  two  tiatvcs  of  a  Nozzle  eroded  by  cordite  gases. 


(Mr.  H.  S.  RoxvcU's  l\-'iiiiii  n  nicatioit.) 

Fig.  17.  Air  "ifets,  showing  gradual  change  in  angle  of  air-wave  fronts. 

(Prandtl.) 
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LOCOMOTIVE  SUPERHEATING  6c  FEED-WATER  HEATING.  Fl.7. 
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LOCOMOTIVE  SUPERHEATING  &  FEED-WATER    HEATING.  PL  S. 

Fisis.  31  and  32.    Exiujiist  FiCii-Hcatitifi  and  Wnsk  Gns  Siipcrlicatiiifi  System.  Type  H  (Appendix  l). 


Figs.  37  and  3S.     HtKli-lh-mce  Fecd-lWitci  HcitiniK  mid  High-Degiec  Superheating  System. 

Type  C  (.append I  v  1 ). 
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LOCOMOTIVE  SUPERHEATING  &l  FEED-WATER  HEATING.  P1.9. 
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ELECTRICAL    MEASURING    MACHINE. 


Plate  10. 
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